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Abstract: 
Rice is an important worldwide edible crop. However, diseases like fungal blast 
and bacterial blight can dramatically reduce crop yield. Crop improvement by 
engineering rice with enhanced disease resistance became an important issue. 
However, since the defense signaling network is sophisticated with cross-talks of 
various pathways, there are still a lot of missing links of key signaling components in 
between. 
OsFKBP12 (standing for rice FK506-binding protein 12kDa) represents the 
smallest member of FKBP domain containing protein in rice. Studies have suggested 
the role of FKBPs in cell differentiation, heat stress, redox signaling, auxin transport 
and photosystem assembly. However, FKBP in relation to defense response was not 
reported. This is the first report about the involvement of FKBP protein in plant 
defense response. It is also first to show that OsFKBP12 could interact with 
unconventional GTPase and copper binding protein in plant. 
The rice clone OsFKBPll identified from bacterial blight resistant near 
isogenic line CBB14 and susceptible recurrent parent SN1033 was 
pathogen-responsive in CBB14 and SN1033. At physiological level, overexpression 
of OsFKBP12 in heterologous dicot A. thaliana repressed the expression of 
SA-mediated PR genes and enhanced the disease susceptibility towards biotrophic 
pathogen Pst DC3000, showing the negative role of OsFKBP12 in defense response 
and the potential involvement of OsFKBP12 in SA defense signaling. 
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At molecular level, OsFKBP12 specifically interacted with catalytic G domain 
of the unconventional GTPase. The interaction enhanced the inorganic phosphate 
release in vitro. This could be the potential signal transduction event and awaits 
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Chapter 1 Introduction 
1.1 The significance of studying rice disease resistance 
1.1.1 Economic importance of rice 
Rice is an important worldwide cereal, being the top dietary energy 
consumption of vegetal foods between 2005 and 2007 (data from FAO). It is the fifth 
most producing primary crop in 2009. As the top producer, China constituted 29.1% 
of world production (data from FAO). 
1.1.2 Diseases caused by pathogens virulent to rice 
Rice diseases have been reported to serious affect rice yield in many parts of the 
world, with a record of up to 50% (Gnanamanickam et al 1999). Among various 
diseases reported, bacterial blight and fungal blast are two representative diseases of 
rice (Ronald 1997). 
1.1.2.1 Bacterial leaf blight diseases 
Bacterial blight disease is caused by gram negative Xanthomonas oryzae pv. 
oryzae (Xoo). It was first recorded by Japanese farmers in late 19^ century. In 
modem times, the outbreak of this diseases was reported in different parts of Asia, 
northern Australia, Africa and USA (Gnanamanickam et al 1999). This disease is 
characteristic of yellow lesions with wearing margins on leaf blades, extending to the 
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sheath. A variety of Xoo strain infects over 400 different plant species (Mundt et al 
2002). Though Xoo can enter susceptible host through natural opening like stomata, 
they prefer wound opening, especially new wounds. However, the transmission mode 
is not yet determined (Gnanamanickam et al 1999). 
1.1.2.2 Fungal blast diseases 
Comparable to bacterial blight, fungal blast caused by the ascomycete 
Magnaporthe grisea，resulting in losses up to 30% of the crop a year (Talbot 2003). 
In 1995, 700 hectares of land in Bhutan was affected, resulting in over thousand 
tonnes of rice yield loss (Thinlay et al. 2000). Fungal blast infects leaves at early 
growing stages and results in premature leaf senescence. This disease is believed to 
be both airborne and seed-bome (Manandhar et al 1998). 
1.1.3 Approach to enhance resistance of crops towards pathogens 
Traditional disease control approaches involve the application of pesticides and 
breeding for disease resistant traits. Pesticides are costly and not environmentally 
friendly, and overdose of pesticides has arisen public concern on food safety. 
Breeding, on the other hand, often requires nearly a decade to generate a resistant 
cultivar, while interspecific hybrid may sometime sterile and hindered subsequent 
breeding, and due to high pathogenic variability the cultivar usually has a limited 
life-span (Bonman et al 1986). Therefore, gain-of-function approach of transferring 
resistant gene to susceptible plants appears promising as the relevant transformation 
requires only several generations, and sterility problem can be minimized by 
avoiding interspecific hybridization (Ronald 1997). 
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R genes, that are resistant genes against specific pathogens, demonstrated the 
successful examples of recombinant approach. In pepper, Bs2 against confer resistant 
against bacterial spot disease (Hulbert et al 2001). Together with other R genes 
found in tomato, Hulbert et al. also found that these genes can work in tobacco, 
potato and tomato. However, Bs2 is non-functional in Arabidopsis (Tai et al. 1999). 
In rice, Xa21 gene (Xoo resistant gene) transformed rice lines displayed enhanced 
resistance against Xoo strain PX099Az (Song et al. 1995). Even though this approach 
is fast and effective against a well-characterized pathogen, it suffers from 'restricted 
taxonomic functionality (RTF)', which limits the species which can apply these R 
genes. Also, a certain R gene can only tackle a specific target and its life-span is 
limited (Bonman et al. 1986). Thus, key regulators of defense signaling become the 
promising targets for long-lasting resistance against a broad-spectrum of pathogens. 
The discovery and functional testing of rice homolog of Arabidopsis non-expressor 
of PR genes 1 (NPRl) supported the notion that conserved defense signaling 
pathways exist across species, both in monocot and dicot (Chem et al. 2001 ； Chem 
et al. 2005). In-depth investigation of plant defense signaling is critical to reveal key 
regulators to be chosen as potential candidates for manipulation. 
1.2 Literature review on plant immunity system 
Plants have evolved sophisticated mechanisms to tackle pathogens. The 
gene-for-gene relationship between host and pathogen was studied and established 
over half a century ago (Flor 1942; Flor 1971). With recent advancements in in-depth 
examination of molecular interactions after pathogen invasion, several models have 
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been put up to describe different stages of events, based mainly on the dicot model 
plant A. thaliana. 
1.2.1 Pathogen associated molecular patterns (PAMP) and PAMP 
-triggered immunity (PTI) 
Two levels of strategies have enabled plants to recognize pathogens (Jones and 
Dangl 2006). On the first line, plants detect more conserved, usually structural, 
characteristic molecules of their pathogens called pathogen associated molecular 
patterns (PAMPs). Host receptor proteins responsible for this type of recognition are 
called pattern recognition proteins (PRRs) (Zipfel 2008). This relation can be best 
demonstrated by the recognition of bacterial flagellin by flagellin sensing 2 (FLS2), 
which is the transmembrane receptor kinase of A. thaliana (Gomez-Gomez and 
Boiler 2000; Chinchilla et al. 2006). A central regulator called brassinosteroid 
insensitive 1-associated kinase 1 (BAKl) channels the signals from PRRs for 
downstream defense responses (Heese et al 2007). Within one minute post treatment 
of flagellin N-terminal fragment (flg22), FLS2 forms a complex with BAKl and both 
proteins phosphorylate each other. At the same time, a cytoplasmic protein kinase 
botrytis-induced kinase 1 (BIKl) appears to dissociate from both FLS2 and B A K l 
and be phosphorylated 5-10 minutes post flagellin treatment (Lu et al. 2010). 
Mutants of both bakl and bikl are more resistant to biotrophic pathogens, but are 
more susceptible to necrotrophic pathogens (Veronese et al 2006; Kemmerling et al 
2007). 
Other examples include bacterial elongation factor EF-Tu in Agrobacterium 
tumefaciens which is recognized by a PRR of A. thaliana called EF-Tu receptor 
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(EFR) (Zipfel et al 2006). A. thaliana efr mutant is more susceptible to A. 
tumefaciens transformation (Zipfel et al. 2006). In rice, the resistance gene Xa21 
encodes a PRR which recognizes a PAMP called activator of Xa21-mediated 
immunity (Ax21) of Xoo through type-I secretion system (Lee et al 2009; Han et al. 
2011). 
1.2.2 Pathogen effectors and effector-triggered immunity (ETI) 
The second line of defense refers to the species/strain specific host-pathogen 
interactions. Incompatible bacterial pathogens introduce effector proteins into their 
host cytoplasm to suppress PTI responses, through type-Ill secretion system (T3SS) 
(Cunnac et al. 2009). AvrPto of bacterial pathogen Pseudomonas syringae pv. tomato 
DC3000 {Pst DC3000) binds to FLS2 and prevents the phosphorylation of BIKl 
(Xiang et al 2008; Xiang et al 2010). AvrPtoB from Pst DC3000 directs FLS2 to 
degradation via ubiquitination (Gohre et al 2008). AvrPto and AvrPtoB also 
associate with BAKl to disrupt FLS2-BAK1 interaction (Shan et al 2008). 
In response to pathogen effectors, plant evolved the effector-triggered immunity 
(ETI) system which is based on recognizing those effectors, mainly by nucleotide 
binding leucine-rich repeat (NB-LRR) proteins (Jones and Dangl 2006). While direct 
interaction between rice NB-LRR protein Pi-ta and effector AvrPita from M. grisea 
was observed (Jia et al. 2000), indirect interactions are suspected to be responsible to 
cope with fast evolving pathogens. The 'guard hypothesis' postulates that pathogen 
effectors target and modify an accessory protein (called 'guardee') of the host and 
this modified guardee is recognized by a specific NB-LRR protein (Van Der Biezen 
and Jones 1998; Dangl and Jones 2001). RIN4 protein of A. thaliana was reported to 
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be the guardee of two NB-LRR proteins RPMl and RPS2 (Mackey et al 2002; 
Mackey et al. 2003). Later, the 'decoy model' was proposed as a modification to 
guard hypothesis which did not address the evolutionary paradox of the favorable 
recognition of accessory protein by pathogen effectors (van der Hoom and Kamoun 
2008). Recently, the 'bait-and-switch model' hypothesized the indirect interaction as 
a two-step mechanism, and the accessory protein (called ‘bait’ in this model) 
facilitates the subsequent recognition of pathogen effectors by the NB-LRR protein 
and bait complex (Collier and Moffett 2009). 
In the absence of the effector target, recent evidences showed that NB-LRR 
proteins are either in restrained conformation, negatively regulated by their accessory 
proteins, or autoinhibited (Belkhadir et al. 2004; Takken and Tameling 2009). 
Evidence also showed that the nucleotide binding domain may be critical for plant 
NB-LRR proteins to function (Takken and Tameling 2009). For example, partial 
fragment of nucleotide binding domain of potato virus X resistant tobacco Rx protein 
was sufficient to induce hypersensitive response on tobacco leaves (Rairdan et al 
2008). Studies on Arabidopsis RPS4 protein and tobacco N protein postulated a 
model that activated NB-LRR protein shuttle to nucleus and alter gene expression 
patterns (Burch-Smith et al 2007; Wirthmueller et al. 2007). However, only a small 
portion of those proteins was shown to migrate to nucleus and immediate targets of 
NB-LRR actions was not yet to be identified. 
1.2.3 Roles of phytohormones in plant defense responses 
Salicylic acid (SA), jasmonic acid (JA) and ethylene (ET) are major plant 
hormones involved in plant defense signaling. In general, SA is more effective to 
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tackle biotrophic and hemi-biotrophic pathogens. In Arabidopsis, mutants of 
components of SA signaling were more susceptible to biotrophic bacterial pathogen 
Pst DC3000, including the key regulator — NPRl (Glazebrook et al 1996; Shah et al 
1997). The action of SA also includes localized hypersensitive response (HR), 
elevation of SA level in Arabidopsis and systemic acquired resistance (SAR) 
(Metraux et al 2002; Grant and Lamb 2006; Hammerschmidt 2009). Elevation of SA 
level ultimately induces the expression of pathogenesis related (PR) genes, including 
PR-L 
In contrast, JA and ET signaling are generally more related to defense responses 
against necrotroph attack, wounding and insect herbivory (McConn et al 1997; 
Pieterse et al. 1998). Studies indicate frequent synergistic regulation of JA and ET 
signaling pathways after pathogen inoculations (Glazebrook 2005). Genetic studies 
revealed several important signaling components of them, including jasmonate 
resistant 1 (JARl), coronatine insensitive 1 (COIl) and jasmonate insensitive 1 (JINl) 
(Xie et al. 1998; Lorenzo et al. 2004; Staswick and Tiryaki 2004). JARl is a 
synthase that conjugates amino acids like isoleucine (lie) to JA and JA-Ile is 
considered to be the active biomolecule for JA signaling. JINl is a M Y C type 
transcription factors that has shown to regulate the expression of JA responsive genes 
like PDF 1.2 for defense and VSP2 for wounding response (Anderson et al. 2004). 
Jasmonate ZIM-domain (JAZ) proteins repress the expression of JA responsive genes 
by interacting with JINl. COIl is a F-box protein which is integrated in a 
complex and directs the degradation of specific proteins by 26S proteasome. JA-Ile 
and other JA analog like coronatine interact with COIl-JAZ complex (Katsir et al. 
2008). Such interaction promotes the directed degradation of JAZ proteins by the 
SCpcoii ubiquitin ligase (Thines et al. 2007). This leads to the release of 
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transcription factors like M Y C 2 and enable the transcriptional activation of JA 
responsive genes (Chini et al. 2007). 
Nevertheless, different phytohormones signaling pathways do not work alone in 
tackling pathogen or herbivory attack. On one hand many pathogens cannot be 
classified as strict biotrophs or necrotrophs, and on the other hand plants usually 
need to tackle multiple stresses at the same time. Thus, cross-talk regulation of 
different pathways helps to prioritize and specifically deal with foreign attack. SA 
and JA/ET defense signaling are antagonistic in many aspects. One is the SA 
signaling component NPRl. It interacts with T G A transcription factors and induces 
the expression of PR genes, in the presence of SA (Kinkema et al 2000; Fan and 
Dong 2002). It suppresses the expression of JA responsive genes that is not 
dependent on its nuclear localization, and Arabidopsis nprl mutants fails to repress 
the JA responsive genes (Spoel et al. 2003; Spoel et al 2007). This suggests a 
cross-talk exists through NPRl. Downstream of NPRl and T G A transcription factors, 
a number of W R K Y transcription factors have been shown to take part in defense 
signaling and the cross-talk between these pathways. Arabidopsis W R K Y 7 0 is 
suggested to be a positive regulator of SA signaling and a negative regulator of JA 
signaling (Li et al 2004; Li et al 2006). However, SA and JA/ET signaling can also 
operate synergistically. Microarray analysis showed that 72 genes and 25 genes are 
induced and suppressed by SA and JA treatment (Schenk et al. 2000). Low level 
application of both SA and JA can transiently enhance the expression of both 
SA-repsonsive {PR-1) and JA/ET-responsive {PDF 1.2 and Thi2.1) genes (Mur et al 
2006), suggesting synergistic interactions of SA and JA/ET signaling exist. 
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1.2.4 G protein signaling and plant defense responses 
GTP binding proteins (or G protein) exhibits GTPase activity. They are believed 
to be molecular switches for signaling. G protein include three sub-groups: 
heteromeric G proteins, small G proteins and unconventional G proteins (Assmann 
2002). In general, the GTP bound state of monomeric G proteins (and Ga subunits of 
heteromeric G proteins) is considered to be the active state and at this state such G 
protein will activate downstream responses by interacting with effectors like 
adenylate cyclase. Intrinsic GTPase activity will eventually hydrolyze bound GTP to 
GDP, turning the protein into inactive state. The protein is recycled to the active state 
by exchanging the bounded GDP with free GTP. In a G protein cycle, 
GTPase-activating proteins (GAPs) and Guanine nucleotide exchange factors (GEFs) 
are often regulators of this kind of molecular switch (Jones and Assmann 2004). 
Genetic analysis revealed the first defense related G protein in rice. Daikoku dl 
mutants do not express RGAl, which encodes a canonical Ga subunit (Ashikari et al 
1999). Virulent races of M. grisea suppresses the expression of RGAl, while 
avirulent races induces the expression of RGAl at later stages (Suharsono et al 
2002). Studies on dl mutant rice suspension culture also showed that RGAl is related 
to ROS production and activation of PR gene, PBZl. Not only heteromeric G 
proteins play a role in defense signaling, small GTPases like Ras and Rac are also 
potential players. OsRacl is suggested to be a key switch in plant immunity. It is able 
to restore the elicitor triggered ROS production in dl mutant (Kawasaki et al. 1999; 
Suharsono et al 2002). Constitutively active OsRacl induces spontaneous 
programmed cell death (PCD) in leaves and HR-like responses with enhanced 
resistance to M. grisea race 007 and Xoo race 1. Recent studies also demonstrated the 
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complex interaction of OsRacl with Hsp90 and Hsp70 and the coordination of them 
in plant defense system (Thao et al 2007). 
1.3 Literature review on FK506 binding proteins (FKBPs) 
FKBP proteins, FK506-binding proteins, belong to a sub-family of 
immunophilins. This superfamily was first described as the receptor of 
immunosuppressant drug. For instance, human hFKBP12 protein was shown to be 
the receptor for rapamycin and synthetic FK506 (Choi et al 1996). FKBP proteins 
exist in all three domains of cellular organisms. They contain functional domains 
annotated with peptidyl-prolyl cis-trans isomerase activities. This domain was 
thought to catalyze cis/trans isomerization of proline residues in a polypeptide 
(Siekierka et al. 1989). Such activites were largely proved in vitro and was thought to 
be linked up with protein folding and maturation (Romano et al. 2004; Romano et al 
2005). In mammals, hFKBP12 was shown to a cell cycle regulator through 
interaction with different proteins, including calcium binding proteins, transforming 
growth factor and FKBP 12-rapamycin binding proteins (Aghdasi et al 2001). In 
plants, however, studies were limited. Genome annotation of Arabidopsis and rice 
FKBPs reveal a rich collection of FKBPs in different compartments, with primary 
focus in plastid-localized FKBPs (He et al. 2004; Gollan and Bhave 2010). While 
some studies of plant FKBPs were focused on mimicking events happening in 
mammalian systems (Xu et al. 1998; Sormani et al. 2007), other studies suggest 
FKBPs participate in novel functions in plants, including phytohormone signaling, 
development and stress responses (Gollan and Bhave 2010). However, there is still 
no up-to-date report regarding the involvement of FKBPs in plant defense signaling. 
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1.4 Background information of this study 一 origin of the 
clone chosen for study in this project 
In collaboration with Dr. CI. Lei, Dr. Z.Z. Ling, Dr. Q. Zhang and Dr. K.J. 
Zhao, our lab obtained bacterial blight and fungal blast resistant near isogenic lines 
(NILs) and their susceptible recurrent parents as genetic materials. These lines 
include NILs with Xoo resistant locus Xal4 and its recurrent parent. All these NILs 
were developed by introgressing the R loci from the donor parents into the 
susceptible parents, with at least six generations of back-crossing to increase the 
homozygosity of the genetic background compared to their susceptible recurrent 
parents (homozygozity over 98%) while retaining the phenotype of disease resistance 
from the donor parents. To identify novel signal transduction components in rice 
defense system, suppression subtractive hybridization was chosen to construct 
subtraction libraries. A total of 8 subtraction libraries was constructed starting with 
total R N A samples extracted from rice leaves of 4 Xa lines and their recurrent 
parents 4 days post inoculation of their respective incompatible pathogens. Xa lines 
specific inducible genes were cloned and sequenced to assign for their identities. 
Eight potential clones with assigned functional domains common in signaling were 
identified. After preliminary confirmation of specificities in these NILs, three clones 
were then further explored (Cheung et al. 2007; Cheung et al. 2008; Zhou et al 
2009). In this study, one clone identified from Xal4 containing NIL and recurrent 
parent pair (CBB14/SN1033) subtractive library was further investigated and 
reported in this work. R N A isolated from Xa\A locus containing NILs and recurrent 
parents were also adopted as experimental materials in this work (see Materials and 
Methods). 
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1.5 Hypothesis and Objectives 
Based on the previous findings mentioned above, I hypothesize that the 
potential clone identified from the subtractive library is a key regulator in plant 
defense signaling. This hypothesis was tested by characterizing the potential roles of 
itself and its interaction partners played in the signal transduction pathways of plant 
defense responses. 
The specific objectives of this thesis are: (1) to explore the interacting partners 
of the potential candidate via yeast two hybrid and in vitro pull down; (2) to study the 
expression patterns of selected candidate genes involved in signal transduction 
pathways of pathogen-induced defense responses; (3) to perform rapid functional test 
of gene candidate using transgenic A. thaliana; and (4) to perform biochemical 
assays to elucidate the molecular relationships between the potential clone and its 
interacting partners. 
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Chapter 2 Materials and Methods 
2.1 Materials 
2.1.1 Plants, bacterial strains and vectors 
A list of bacterial/yeast strains, plant hosts and plasmid vectors used in this 
research was shown in Table 1. 
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Table 1 Bacterial/yeast strains, plant hosts and plasmid vectors used in this study 
Bacteria/Yeast Description References 
Escherichia coli strain For gene cloning and plasmid Lab stock 
DH5a propagation 
Escherichia coli strain For fusion protein expression Lab stock 
BL21/DE3 
Pseudomonas syringae pv. For pathogen inoculation test Stock from Dr. C.S.C. 
tomato DC3000 in A. thaliana Lo, H K U 
Y187 Yeast strain for yeast Clonetech Laboratories, 
2-hybrid experiments Inc, Palo Alto, CA, 
U.S.A. 
A H 109 Yeast strain for yeast Clonetech Laboratories, 
2-hybrid experiments Inc, Palo Alto, CA, 
U.S.A. 
Plant hosts Description References 
Columbia-0 A. thaliana ecotype as Lab stock 
wildtype for comparison 
OsFKBPll transgenic A. Transgenic A. thaliana Lab stock 
thaliana line F-19-8 ecotype Col-0 expressing 
OsFKBPll 
OsFKBP12 transgenic A. Transgenic A. thaliana Lab stock 
thaliana line G-1-7 ecotype Col-0 expressing 
OsFKBPn 
OsFKBP12 transgenic A. Transgenic A. thaliana Lab stock 
14 
thaliana line J-1-2 ecotype Col-0 expressing 
OsFKBP12 
OsYchFl transgenic A. Transgenic A. thaliana Lab stock 
thaliana line 2000 F-3-7 ecotype Col-0 expressing 
OsYchFl 
CBB14 Bacterial blight rice resistant Collection of C A A S 
near isogenic line with R 
\oc\xsXal4 
SN1033 Susceptible recurrent parent Collection of CAAS 
of near isogenic line CBB14 
Aichi Asahi Oryza sativa Japonica From Dr. Sun Zhongxiu 
cultivar used for in vitro pull (China Rice Research 
down and gene cloning Institute, China) 
Plasmid vectors Description References 
pBluescript KSII(+) Plasmid for cloning of target Strategene, La Jolla, 
gene CA, U.S.A. 
pGBKT7 Plasmid for yeast 2-hybrid Clonetech Laboratories, 
experiments Inc, Palo Alto, CA, 
U.S.A. 
pGADT7-Rec Plasmid for yeast 2-hybrid Clonetech Laboratories, 
experiments Inc, Palo Alto, CA, 
U.S.A. 
pGEX-4T-1 Plasmid with in-frame GE Healthcare U K Ltd, 
N-terminal Glutathione Chalfont St Giles, 
S-Transferase (GST) tag for England 
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fusion protein expression and 
further cloning 
pMAL-c2 Plasmid with in-frame New England Biolabs 
N-terminal Maltose binding Inc. (Beverly, M A , 
protein (MBP) tag for fusion USA) 
protein expression 
pBluescript Plasmid containing Lab stock 
KSll(+yOsFKBP12 OsFKBPn cDNA for further 
subcloning 
^GB¥.Tl-0sFKBP12 OsFKBP12 clone fused with Lab stock 
D N A binding domain for 
yeast 2-hybrid experiments 
^GAmi-KQQ-BAD03576 OsFKBP12 protein Lab stock 
partial clone interacting partner, accession 
number: BAD03576 
pGADT7-Rec-J5^F25Pi^ OsFKBP12 protein This work 
partial clone interacting partner, accession 
number: BAF25914 
pGEX-4T-1 -ms-OsFKBP OsFKBP12 clone fused with This work 
12 GST tag for fusion protein 
expression 
pGEX-4T-1 -OsYchFl OsYchFl clone fused with Lab stock 
GST tag for fusion protein 
expression 
pGEX-4T-1 -OsYchFl G G domain of OsYchFl clone Lab stock 
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domain partial clone fused with GST tag for fusion 
protein expression 
pGEX-4T-1 -OsYchFl TGS domain of OsYchFl Lab stock 
TGS domain partial clone clone fused with GST tag for 
fusion protein expression 
pGEX-4T-1 -AtYchFl AtYchFl clone fused with Lab stock 
GST tag for fusion protein 
expression 
pGEX-4T-l-C>^?7CC7 OsUCCl clone fused with This work 
GST tag for fusion protein 
expression 
^MAh-Ql-Bis-OsFKBPn OsFKBP12 clone fused with This work 
M B P tag for fusion protein 
expression 
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2.1.2 Chemicals and Regents 
Detailed information on chemical used was listed in Appendix 11. 
2.1.3 Commercial kits 
The following reagent kits were used in this study (Table 2) (For details, please 
see Appendix III). 
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Table 2 Commercial kits used. 
Kits Experiments Company 
Bio-rad iQ™ SYBR® Green Real time PGR Bio-Rad Laboratories 
Supermix (Hercules, CA, U.S.A.) 
B D MatchmakerTM library Yeast two hybrid Clontech Laboratories, 
construction & screening kit experiment Inc. (Palo Alto, CA, 
U.S.A.) 
Invitrogen EnzChek® GTPase assay Invitrogen Corporarion 
Phosphate Assay Kit (Camarillo, CA, 
U.S.A.) 
Mbiotech SpinClean™ M B P M B P fusion protein Mbiotech, Inc 
Excellose® Spin Kit extraction (Seoul, Korea) 
Promega MagneGST™ Protein GST fusion protein Promega Biosciences 
Purification System extraction (San Luis Obispo, CA, 
U.S.A.) 
Promega Wizard plus Target genes Promega Biosciences 
minipreps D N A purification kit subcloning (San Luis Obispo, CA, 
U.S.A.) 
2.1.4 Primers and Adaptors 
All primers were bought from Integrated D N A Technologies, Inc (Coralville lA, 
U.S.A.), Invitrogen corporation (Carlsbad, CA, USA), or Tech Dragon (Hong Kong). 
A full list of their sequences was shown Table 3. 
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Table 3 Primers and adaptors used in this study. 
Primer name Sequence (5，to 3，） Application 
T3 primer A A T T A A C C C T C A C T A A A G G G Sequencing and PGR 
screening 
T7 primer G T A A T A C G A C T C A C T A T A G G G C Sequencing and PGR 
screening 
HMOL2612 T T C C C G G G G A T G G G C T T C G A G A OsFKBP12 cloning 
A G A C G A forward primer wirh 
Xmal restriction site 
HMOL2613 C A G G T C G A C G T T A C T G G G C G C T OsFKBP12 cloning 
A A G A A C C reverse primer wirh Sail 
restriction site 
HMOL2631 T A A T A C G A C T C A C T A T A G G G C T7 sequencing primer for 
pGADT7-Rec plasmid 
HMOL2632 A G A T G G T G C A C G A T G C A C A G 3 ‘ A D sequencing primer 
for pGADT7-Rec 
plasmid 
HMOL2723 C T T C A T A G G A A T G G A A G C T G C G O. sativa OsAclD 
G G T A (XI5865) real time PGR 
forward primer 
HMOL2724 G A C C A C C T T G A T C T T C A T G C T G O. sativa OsAclD 
CTA (XI5865) real time PGR 
reverse primer 
HM0L5118 CTATTCGATGATGAAGATACCCC Matchmaker 5 ’ AD-LD 
A C C A A A C C C insert screening amplier 
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HM0L5119 G T G A A C T T G C G G G G T T T T T C A G Matchmaker 3 ’ AD-LD 
TATCTACGATT insert screening amplier 




HMOL5418 T C A C T T C T T T C C A C C T C C A G A C OsFKBP 12 interacting 
partner (BAD03576) 
full-length reverse primer 
HMOL6232 G G T C G T C A G A C T G T C G A T G A A G pMAL-c2 5' sequencing 
CC primer 
HMOL6233 C G C C A G G G T T T T C C C A G T C A C G pMAL-c2 3' sequencing 
A C primer 
HMOL6672 A C C G G C T T C G G G A A A G A T A A OsFKBP 12 real time 
forward primer 
HMOL6673 A T C A C C G A A C C C T G G C C T A T OsFKBP 12 real time 
reverse primer 
HMOL6820 TTGAATTCATGGGTAGTATAGG OsFKBP 12 interacting 
A G G A G T A G C partner (0s09g0572700) 
full-length reverse primer 
wirh ^ coRI restriction 
site 
HMOL6821 T T G T C G A C T T A A G C C A T G A T G A OsFKBP 12 interacting 
G G A G G partner (0s09g0572700) 
full-length reverse primer 
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wirh Sail restriction site 
HMOL6882 G G G C T G G C A A G C C A C G T T T G G pGEX-4T-l 5' 
TG sequencing primer 
HMOL6883 C C G G G A G C T G C A T G T G T C A G A pGEX-4T-l 3' 
G G sequencing primer 
HMOL7809 G A A G G T G C T G A G T T G A T T G A. thaliana polyubiquitin 
UBQIO (At4g05320) real 
time forward primer 
HMOL7810 G G A C T T G A C G T T G T T T G G A. thaliana polyubiquitin 
UBQIO (At4g05320) real 
time reverse primer 
HMOL7811 T C A A G A T A G C C C A C A A G A T T A T A. thaliana PRl 
C (M90508) real time PGR 
forward primer 
HMOL7812 CTTCTCGTTCACATAATTCCCAC A. thaliana PRl 
(M90508) real time PGR 
reverse primer 
HMOL7813 A C C A C C A C T G A T A C G T C T C C T C A. thaliana PR2 
(p-l,3-glucanase) 
(M90509) real time PGR 
forward primer 
HMOL7814 A A C T T C A T A C T T A G A C T G T C G A A. thaliana PR2 
TC ((3-1,3-glucanase) 
(M90509) real time PGR 
reverse primer 
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HMOL7815 CCCTTATCTTCGCTGCTCTTGT A. thaliana PDF 1.2 
(NM_123809) real time 
PGR forward primer 
HMOL7816 C C C T G A C C A T G T C C C A C T T G A. thaliana PDF 1.2 
(NM_123809) real time 
PCR reverse primer 
Adaptor name Sequence (5' to 3，） Application 
HMOL6712 GATCCCCGCATCATCATCATCAT pGEX-4T-l {Barnm 
CATTTC Xmal) HisTag Adaptor 
forward sequence 
HMOL6713 C C G G G A A A T G A T G A T G A T G A T G pGEX-4T-l {Barnm 
A T G C G G G Xmal) HisTag Adaptor 
reverse sequence 
H M O L 7 8 0 5 T T T T T T T T T T T T T T T T T T Oligo dT 
2.1.5 Equipments and facilities used 
All equipments and facilities were provided by Department of Biology, CUHK. 
An inventory is shown Appendix IV. 
2.1.6 Buffer, solution, gel and medium 
Unless otherwise stated, buffer, solution and medium were prepared according 
to the formulation listed in Appendix V. 
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2.2 Methods 
2.2.1. Bacterial and yeast cultures 
Bacterial strains (E. coli and Pst DC3000) and yeast were grown in Luria broth 
(LB) borth {E. coli), King's B broth {Pst DC3000) or Y P D A broth (yeast) or SD/ 
-Trp (yeast) or SD/ -Tip -Leu (yeast) with 200 rpm shaking, 37°C overnight {E. coli), 
at 220 rpm, 28°C, for two days {Pst DC3000) or at 220 rpm, 30°C for two days 
(yeast). 
Antibiotics were added at suitable quantities to the growth media, with the final 
concentrations shown in Table 4. 
For fusion protein expression, overnight E. coli BL21 culture transformed with 
either pGEX-4T-l and pMAL-c2 were inoculated to a new culture flask (1:100 
inoculum to growth medium volume). The culture was grown at 200 rpm shaking, 
37°C for 2 hours until the cell concentration reached 4 x 10^  colony forming unit per 
milliliter. 2 |il of Isopropyl P-D-1 -thiogalactopyranoside (IPTG) was added per ml of 
culture media to initiate specific flision protein expression. The culture was kept 
shaking 200 rpm shaking, 16。C or 25°C overnight. 
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Table 4 Composition of media used in this work for cultivating bacterial and yeast 
strains. 
Bacterial and yeast strains Media used Antibiotics 
supplemented 
Escherichia coli DH5a LB 50 mg/L kanamycin or 
100 mg/L ampicillin 
Escherichia coli BL21/DE3 LB 100 mg/L ampicillin 
Pseudomonas syringae pv. tomato King's B 25 mg/L rifampicin and 
DC3000 10 mg/L tetracycline 
Y187 Y P D A N/A 
A H 109 Y P D A N/A 
Y187/ pGBKT7 (fusion clones) SD/ -Trp No antibiotic 
A H 109/ pGADT7-Rec library SD/ -Leu No antibiotic 
A H 109/ pGBKT7 (fusion clones) SD/ -Leu, SD/ -3 No antibiotic 
and pGADT7-Rec (fusion clones) and SD/ -4 
Y187-AH109 mating product SD/ -3 and SD/ -4 No antibiotic 
2.2.2 Plant growth conditions and treatments 
2.2.2.1 Surface sterilization of A. thaliana seeds 
Mature seeds of A. thaliana were first surface sterilized in 100% inorganic 
hypochlorite bleach (6% sodium hypochlorite) over 2 minutes with continuous 
shaking. After that, the seeds were spinned down for 10 seconds. Autoclaved 
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droppers were used to discard the bleach solution. Then, the seeds were further 
rinsed with sterile Milli-Q water for 5 times to remove all bleach. Finally, 0.5 ml of 
nuclease-free Milli-Q water was added to resuspend the seeds. The seeds were 
inhibited at 4°C for 2〜4 days before being placed onto growth media plates. 
2.2.2.2 Environmental conditions of A. thaliana for germination of seeds and 
growing of seedlings 
The "cold-snap" and dark-kept seeds were individually aligned on M S agar 
square plates for growth or on M S agar plate with 50 mg/L kanamycin for selection 
of transformants. After proper sealing with parafilm to minimize contamination, A. 
thaliana was grown in a growth chamber (temperature 22°C; R H 70-80%; light 
intensity 80-120 E of a 16 h light/ 8 h dark cycle). 
2.2.2.3 Environmental conditions of A. thaliana for growing of plants 
10-day-old seedlings grown on M S plate were transferred to soil. Different lines 
were transferred to separate pots and subirrigated in a common tray. Deionized water 
was added to the tray rather than to individual pots separately to ensure even 
distribution of nutrients. Regular light-dark cycle was set as a 16-hour light period 
and an 8-hour dark period both at 22°C. One week after transferred, M S medium was 
added to the tray instead of deionized water to provide essential nutrients for optimal 
plant growth. 
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2.2.2.4 Pathogen inoculation test of A. thaliana with Pst DC3000 
Pst DC3000 was cultivated in King's B medium supplemented with tetracyclin 
and rifampicin at 28°C with 200rpm overnight. Inoculum was resuspended in 10 m M 
MgS04 at cell concentration of less than 10^  colony forming unit per milliliter, 
supplemented with 0.02% (v/v) Silwet L-77. Leaves of comparable sizes among 
different lines under investigation were inoculated with 100|il inoculum per leaf, 
confined in an inoculation zone of 0.28 cm). At least 4 leaves per individual plant 
were inoculated and there were at least 3 plants per transgenic line or wildtype 
ecotype. The plant is then cultivated in growth chamber at 22°C with 100% relative 
humidity under the light/ dark cycle of 16hr light/ 8 hour dark. Bacterial titer was 
measured 3 days after inoculation by collecting and homogenizing the pathogens 
from the inoculation zones in 10 m M MgS04. Fixed volume of plant extract was then 
spread on King's B agar plate supplemented with tetracyclin and rifampicin and 
incubated at 28°C. Pathogenicity of Pst DC3000 to each transgenic line or wildtype 
ecotype was then presented by mean colony forming unit per centimeter square 
inoculated. Upper part of the plant was harvested for gene expression analysis 
(Cheung et al. 2008; Cheung et al 2010). 
2.2.3 Cloning and subcloning of OsFKBPl2 and OsUCCl 
2.2.3.1 Sub-cloning of OsFKBPl2 to pGEX-4T-l and pMAL-c2 
Full length sequence of OsFKBPl2 was amplified from pBluescript 
KSll{+yOsFKBP12 by gene specific primers (HMOL2612 and HMOL2613) with 
Xmal and Sail tail-end restriction sites. The amplified product was purified by 
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Phenol: Chloroform: Isoamylalcohol (PCI) (25: 24: 1) and ethanol precipitation. The 
amplified product was digested by Xmal and Sail and the insert-free empty vector 
pGEX4T-l was digested by BamEl and Sail. The digested amplified product and the 
linearized vector backbone were recovered by excision from a 2% Agarose gel. 
Equal ratio of amplified product, vector backbone and BamHl- Xmal HisTag adaptor 
(HMOL6712 and H M O L 6713) were ligated by T4 D N A ligase (Promega) at 16。C 
overnight. The ligation product was transformed into competent DH5a cells (lab 
stock) via calcium chloride mediated heat shock transformation. The transformed 
cells were spread on LB agar plate with ampicillin for selection and incubated at 37° 
C overnight. D N A sequence of the clone was confirmation through sequencing with 
sequencing primers (HMOL6882 and H M O L 6883). 
Successful clones of pGEX-4T-1 -OsFKBP12 was used as starting material for 
sub-cloning to pMAL-c2. pGEX-4T-1 -OsFKBP12 and insert-free empty vector 
pMAL-c2 were digested by BamYH and Sail. The digested insert and the linearized 
vector backbone were recovered by excision from a 2% Agarose gel. Equal ratio of 
digested insert and vector backbone were ligated by T4 D N A ligase (Promega) at 16° 
C overnight. The ligation product was transformed into competent DH5a cells (lab 
stock) via calcium chloride mediated heat shock transformation. The transformed 
cells were spread on LB agar plate with ampicillin for selection and incubated at 37° 
C overnight. D N A sequence of the clone was confirmation through sequencing with 
sequencing primers (HMOL6232 and H M O L 6233). 
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2.2.3.2 Cloning of OsUCCl to pGEX-4T-l 
Full length sequence of OsUCCl was amplified from Aichi Asahi cDNA by 
gene specific primers (HMOL6820 and HMOL6821) with EcoRl and Sail tail-end 
restriction sites. The amplified product was purified by PCI (25: 24: 1) and ethanol 
precipitation. Both the amplified product and the insert-free empty vector pGEX4T-l 
were digested by EcoRi and Sail. The digested amplified product and the linearized 
vector backbone were recovered by excision from a 2% Agarose gel. Equal ratio of 
amplified product and vector backbone were ligated by T4 D N A ligase (Promega) at 
16°C overnight. The ligation product was transformed into competent DH5a cells 
(lab stock) via calcium chloride mediated heat shock transformation. The 
transformed cells were spread on LB agar plate with ampicillin for selection and 
incubated at 37°C overnight. D N A sequence of the clone was confirmation through 
sequencing with sequencing primers (HMOL6882 and H M O L 6883). 
2.2.4 DNA, RNA and protein extractions 
2.2.4.1 Plasmid extraction from bacterial cells 
Plasmid D N A was isolated using the Wizard plus minipreps D N A purification 
kit (Promega). The procedures were according to the commercial manuals. 
2.2.4.2 Genomic D N A extraction from plant through CTAB method 
Around 1 g of plant tissue or one piece of leaf was picked from each plant and 
put into a 1.5 ml microcentrifuge tube. The tissue was grinded thoroughly with liquid 
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nitrogen by glass rod. 0.6 ml CTAB extraction buffer was added. The tube was 
incubated at 60°C for 30 minutes with occasion mix. Then, the tubes were centrifuged 
for 10 minutes. Supernatant was transferred to a new 2 ml microcentrifuge tube. One 
volume of Phenol: Chloroform: Isoamylalcohol (PCI) (25: 24: 1) was added. The tube 
was mixed and centrifuged at maximum speed for 1 minute. Aqueous layer was 
transferred to a new 2 ml microcentrifuge tube. One volume of Chloroform: 
Isoamylalcohol (CI) (24: 1) was added. The tube was mixed and centrifuged at 
maximum speed for 1 minute. Aqueous layer (-0.7 ml) was transferred to a new 1.5ml 
microcentrifuge tube. One volume of isopropanol was added. The tube was stored at 
-20°C overnight. On the next day, the tube was centrifuged at 16300 g for 30 minutes. 
Supernatant was discarded. The pellet was washed by 0.8 ml CTAB washing buffer 
and 200 |li1 70% ethanol and then air-dried. The pellet was then resuspended in 50 |il 
RNase (1 |ig/ml) containing MilliQ water to remove RNA. 
2.2.4.3 R N A extraction from plant tissues 
Around 2 g frozen plant tissue was grinded in liquid nitrogen and then 
homogenized in 10 ml extraction buffer. The aqueous portion of the sample was then 
extracted once to twice with equal volume of PCI (25: 24: 1) followed by two rounds 
of CI (24: 1) extraction. One-tenth volume of 3 M sodium acetate (pH 5.2) and 2 
volumes of absolute ethanol were added to the aqueous layer and was stored at -20°C 
overnight to precipitate the nucleic acids. After centrifugation at 16300 g for 30 
minutes, supernatant was discarded and the nucleic acid pellet was resuspended with 
1ml 3M sodium acetate (pH 5.6) and the suspension was transferred to a 1.5 ml 
microcentrifuge tube. After centrifugation at 16300 g for 30 minutes, m R N A and 
rRNA were precipitated and tRNA and D N A were then discarded. After repeating the 
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3 M sodium acetate pH 5.6 wash once more, the pellet was then re suspended in 0.4 
ml 0.3 M sodium acetate pH 5.6 and the R N A was precipitated by adding 1ml 
absolute ethanol and kept at -20°C overnight. After centrifugation at 16300 g for 30 
minutes and removal of supernatant, the R N A pellet was air-dried before 
re suspended in 20 |li1 DEPC-treated deionized water. 
2.2.4.4 Protein extraction from plant tissues 
Soluble proteins were extracted from plant tissue by grinding leaves with 
homogenizing buffer, followed by centrifugation at 16300 g for 10 minutes, 
supernatant contained the soluble proteins. For in vitro pull down of native rice 
protein, total protein was extracted from Aichi Asahi cultivar by grinding 1 g leaf 
tissue in 1 ml ice-cold immunoprecipitation buffer. Extract was centrifUged at 16300 
g for 10 minutes, cell debris was discarded. Protein quantitation was conducted with 
Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad Laboratories). Steps 
followed the descriptions in product manual. 
2.2.4.5 Fusion protein extraction from E. coli 
GST tag fusion proteins and M B P tag fusion proteins were extracted by 
MagneGST™ Protein Purification System (Promega Biosciences) and SpinClean™ 
M B P Excellose® Spin Kit (Mbiotech, Inc), according to manual's instructions. 
Protein quantitation was conducted with Bio-Rad Protein Assay Dye Reagent 
Concentrate (Bio-Rad Laboratories). Steps followed the descriptions in product 
manual. 
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2.2.5 Western blot analyses 
2.2.5.1 Western blot analysis of GST tag and M B P tag fusion proteins 
Anti-Glutathione-S-Transferase (GST) developed in rabbit, IgG fraction of 
antiserum (Sigma) and Monoclonal Anti-Maltose Binding Protein antibody produced 
in mouse, clone MBP-17, ascites fluid (Sigma) was used as the primary antibody in 
Western blot to detect the GST fusion proteins and M B P fusion proteins. 
The protein sample was electrophoretically separated on a polyacrylamide gel 
(4% stacking; 10-15% resolving) before transferred to a pre-treated PVDF 
membrane (in absolute methanol for 10 minutes followed by Dunn's buffer for 10 
minutes) using the Mini Trans-Blot Electrophoretic Transfer Cell (Bio-rad). Blotting 
was operated at 55V for 75 minutes. Transbloted membranes were incubated with 
2% blocking solution for 1 hour and then 1:20000 (for anti-GST antibody) and 
1:10000 (for anti-MBP antibody) in 2% blocking solution for 1 hour. Four rounds of 
washing with Tris buffered saline supplemented with 0.1% Tween-20 (TEST) were 
performed. Another incubation of 1:20000 Anti-Rabbit IgG-Alkaline Phosphatase 
antibody (Sigma) and Anti-Mouse IgG—Alkaline Phosphatase antibody (Sigma) in 
TEST was performed. Four rounds of washing with TEST were performed. Color 
signal was developed on the PVDF membrane with the application of substrates 
5 -Bromo-4-chloro-3 -indolyl phosphate dipotassium/ nitrotetrazolium blue chloride 
(BCIP/NBT) (Sigma). 
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2.2.5.2 Western blot analysis native OsYchFl proteins 
Serum containing mouse polyclonal antibody against OsYchFl proteins were 
synthesized by mouse injection of purified GST-OsYchFl proteins. The polyclonal 
antibody was used as the primary antibody in Western blot to detect the OsYchFl in in 
vitro pull down product. The electrophoresis, electro-blotting and all the subsequent 
steps were performed as described in the previous section. 
2.2.6 Real-time PCR study 
2.2.6.1 cDNA synthesis 
To synthesis cDNA, 5 |iig of total R N A extracted from each sample was first 
treated with DNase I (Invitrogen) in 50 pi reaction mixture at 24°C for 2 hours. Then 
2 pi of the R N A sample was taken to confirm complete digestion of D N A present in 
the original sample. After that, the R N A sample was reverse-transcribed using 
18-mer oligo-dT and SUPERSCRIPT™!!! RNase H, Reverse Transcriptase 
(Invitrogen) according to the manufacturer's instructions. 
The absence of genomic D N A contamination was examined by polymerase 
chain reaction of DNasel digested sample for each line. The quality of cDNA was 
examined by polymerase chain reaction of cDNA product for each line. Both PCR 
reactions used the (3-tubulin realtime PCR primer (HMOL7809 and HMOL7810). 
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2.2.6.2 Real-time PGR 
Real-time PGR amplification of cDNA was performed using the Bio-Rad 
real-time PCR detection system iQ5 (Bio-Rad). Reactions were carried out in a 
96-well dome-capped plate in a 20 reaction volume containing 10 jxl 2X iQ™ 
S Y B R ® Green Supermix (Bio-Rad), 0.3 |xM forward and reverse primers and 3 \i\ of 
10-fold-diluted cDNA sample. All reactions of each sample template cDNA were 
repeated independently for at least 3 times to obtain statistical results. Data was 
normalized using the rice actin {O. sativa OsAclD) for rice samples and polyubiquitin 
(A. thaliana UBQIO) for Arabidopsis samples as the housekeeping gene (Wasaki et al. 
2003; Czechowski et al. 2004; Jain et al 2006). The relative gene expression was 
calculated using the method (Livak and Schmittgen 2001). 
All PCR products were sequenced at least one time to verify their specificity. 
Dissociation curves of all the real-time PCR products were analyzed to ensure the 
quality of PCR and the comparability of amplification efficiencies between the target 
genes and the housekeeping genes was examined (see Appendix VI, Figs. SI and S2). 
Expression level of target genes studied and their primers used were shown in the 
following Table 5. 
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Table 5 Primer sets used for real time PCR in this work 
Genes Primers References 
OsFKBP12 HMOL6672-HMOL6673 N A 
A. thaliana PRl (M90508) HMOL7811-HMOL7812 (Uknes et al. 1992) 
A. thaliana PR2 (M90509) HMOL7813-HMOL7814 (Uknes et al 1992) 
A. thaliana PDFL2 HMOL7815-HMOL7816 (Veronese etal 2003) 
(NM_123809) 
2.2.7 Yeast two hybrid 
2.2.7.1 Screening of OsFKBPl2 interaction protein partners by yeast mating 
Screening of OsFKBPl2 interaction protein partners were performed via yeast 
mating according to the user manual provided (Clontech). Yeast diploid cells were 
spread on 50 SD/ -Trp, -Leu, -His agar plates and incubated at 30°C for 7 days. 
Colonies grown with size larger than 2 m m were picked and further streaked on SD/ 
-Trp, -Leu, -His, -Ade agar plate. Clones able to grow up were further tested by 
colony-lift filter assay (Yeast Protocols Handbook, Clontech). 
2.2.7.2 Identification of positive interacting protein partners by extracting D N A 
plasmid from yeast 
Yeast clones showing viable growth on SD/ -Trp, -Leu, -His, -Ade agar plate 
and positive result in colony-lift filter assay were purified, according to manual 
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provided (Clontech). Plamsids recovered were sequenced with HMOL2631 and 
HMOL2632. 
2.2.7.3 Re-transformation of ^GmJl-OsFKBP 12 with their interacting partner 
clones into yeast (AH 109) by co-transformation 
In order to test the protein-protein interaction of OsFKBP 12 with their interacting 
partner clones found via library screening was not the result of yeast mutation, 
re-transformation of pGBKTJ-OsFKBPJ2 with their interacting partner clones into 
yeast (AH109) by co-transformation was performed, according to manual provided 
(Clontech). 
2.2.8 In vitro pull down assay of OsFKBP12 with their putative 
protein interacting partner 
2.2.8.1 In vitro pull down of native OsYchFl by MBP-His-0sFKBP12 
In vitro pull down of OsYchFl from plant protein extract by 
MBP-His-OsFKBP12 was performed by antibody specific pull down. Crude plant 
extract (see Section 2.2.4.4) was incubated with 10 ^ig purified MBP-His-0sFKBP12 
(see Section 2.2.4.5) for 1 hour with gentle shaking. At the same time, 3 Protein 
A—Agarose Fast Flow (Sigma) activated by RIPA buffer was incubated with 10 |ig of 
monoclonal anti-MBP antibody for 1 hour with gentle shaking. Protein A agarose 
anti-MBP conjugate was washed with immunoprecipitation buffer and then the target 
protein mixture (plant extract with MBP-His-0sFKBP12) was incubated together for 
another 1 hour with gentle shaking. The pull down mixture was washed 10 times 
with immunoprecipitation buffer. The complex was eluted by boiling in 20 |il IX 
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loading dye and was analysed by Western blotting and immunodetection of 
OsYchFl. 
2.2.8.2 In vitro pull down of GST-AtYchFl by MBP-His-0sFKBP12 
In vitro pull down of GST-AtYchFl by MBP-His-0sFKBP12 was performed by 
antibody specific pull down. 10 jug purified GST-AtYchFl was incubated with 10 |Lig 
purified MBP-His-0sFKBP12 for 1 hour with gentle shaking. At the same time, 3ili1 
Protein A-Agarose Fast Flow (Sigma) activated by RIPA buffer was incubated with 
10|ug of monoclonal anti-MBP antibody for 1 hour with gentle shaking. Protein A 
agarose anti-MBP conjugate was washed with immunoprecipitation buffer and then 
the target protein mixture (GST-AtYchFl with MBP-His-0sFKBP12) was incubated 
together for another 1 hour with gentle shaking. The pull down mixture was washed 
10 times with immunoprecipitation buffer. The complex was eluted by boiling in 20 
li\ IX loading dye and was analysed by Western blotting and immunodetection of 
GST fusion protein (GST-AtYchFl). Necessary control using M B P tag was included. 
2.2.8.3 In vitro pull down of MBP-His-0sFKBP12 by GST-OsUCCl 
In vitro pull down of MBP-His-0sFKBP12 by GST-OsUCCl was performed by 
antibody specific pull down. 10 ^g purified MBP-His-0sFKBP12 was incubated 
with 10 ]ig purified GST-OsUCCl for 1 hour with gentle shaking. At the same time, 
3 |Lil Protein A-Agarose Fast Flow (Sigma) activated by RIPA buffer was incubated 
with lOiLig of monoclonal anti-GST antibody for 1 hour with gentle shaking. Protein 
A agarose anti-GST conjugate was washed with immunoprecipitation buffer and then 
the target protein mixture (MBP-His-0sFKBP12 with GST-OsUCCl) was incubated 
together for another 1 hour with gentle shaking. The pull down mixture was washed 
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10 times with immunoprecipitation buffer. The complex was eluted by boiling in 20 
jil IX loading dye and was analysed by Western blotting and immunodetection of 
M B P fusion protein (MBP-His-0sFKBP12). Necessary controls using GST tag and 
M B P tag were included. 
2.2.8.4 In vitro pull down of MBP-His-0sFKBP12 by GST-OsYchFl G domain 
In vitro pull down of MBP-His-0sFKBP12 by GST-OsYchFl G domain was 
performed by MagneGST™ Glutathione Particles. 100 |Lig E. coli BL221 cell lysate 
containing MBP-His-0sFKBP12 was incubated with 100 E. coli BL221 cell 
lysate containing GST-OsYchFl G domain for 1 hour with gentle shaking. The 
protein mixture was loaded to the MagneGST™ Glutathione Particles for half an 
hour. The interaction complex was washed 10 times with Buffer A. The complex was 
eluted by 50 m M Glutathione solution and was analysed by Western blotting and 
immunodetection of M B P fusion protein (MBP-His-OsFKBP 12). Necessary controls 
using GST tag, M B P tag, GST-OsYchFl TGS domain were included. 
2.2.9 GTPase assay of OsYchF with OsFKBPll 
The GTPase activities were monitored by measuring the release of inorganic 
phosphate (Pi) using the EnzChek phosphate assay kit (Invitrogen). GST only, 
GST-OsYchFl GST-OsGAPl and GST-His-0sFKBP12 fusion proteins were purified 
as stated above. Around 0.2 |iM of purified GST-OsYchFl, was used in a 180-|il 
reaction mixture as specified in the instruction manual. 1 [iM of GST-OsGAPl 
and/or 1 |iM GST-His-0sFKBP12 were applied, supplemented with 200 [iM GTR 
38 
2.3.0 Phylogenetic analysis and sequence alignment 
Full-length sequences of OsFKBP12 and FKBP12-like proteins were retrieved 
from NCBI protein database. FKBP12-like proteins were chosen from represented 
species in different domains. Sequence alignment was performed using ClustalW 
algorithm. Phylogenetic tree was built with M E G A 5.05, using neighbor-joining 
method and 1000 bootstrap replicates. 
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Chapter 3 Results 
3.1 Identification of OsFKBPU encoding a FKBP (FK506 binding 
proteiii)-domain containing protein in Oryza sativa (rice) 
A partial cDNA clone was obtained previously by suppression subtractive 
hybridization techniques, using R N A samples from a pair of near-isogenic rice lines 
either containing the R gene Xal4 (CBB14) or its susceptible recurrent parent 
(SN1033), 4 day post pathogen inoculation. Its full-length cDNA clone was obtained 
by 5' and 3’ race which includes both the start codon and stop codon of an intact 
open reading frame encoding a peptide with 112 amino acid residues (Fig. 1). The 
nucleotide sequence is 100% identical to a rice cDNA clone (GenBank accession: 
NM_001054723) which was a directly deposited annotated cDNA sequence. The 
corresponding gene in rice genome is designated as a single copy located on 
chromosome 2 (Gene: 0s02g0760300). BlastP analysis revealed that the translated 
peptide of this clone is identical to a putative immunophilin annotated from the rice 
genome (GenBank accession: NP—001048188). The predicted amino acid sequence 
of this translated peptide exhibited 89%, 76% and 74% identities to clones in Zea 
mays (NP—001105537), Vicia faba (AAB57848) and A. thaliana (NP_201240) 
respectively. All of them were annotated as FKBP (FK506 binding protein)-type 
peptidyl-prolyl cis-trans isomerases. We designated our clone as OsFKBPU to 
implicate its putative FKBP functional domain and its size, following the 
conventional naming system of the FKBP family. Figure 2 showed the alignment of 
the amino acid residues encoded by OsFKBP12 with NP—001105537, AAB57848 
and NP_201240. The position of the FKBP domain was underlined. 
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BlastP search revealed that FKBP12-like proteins exist in all domains. After 
sequence alignment, a phylogenetic tree was built using neighbor-joining method and 
1000 bootstrap replicates (Fig. 3). Bacterial and archeal FKBP12-like proteins are 
variable in sequence lengths, from 109 amino acid residues up to 170 amino acid 
residues. On the other hand, plant and animal FKBP 12 homologues are each highly 
similar in sequence length, with high bootstrap values. Within kingdom plantae， 
FKBP proteins could be further divided into monocots (e.g. Sorghum bicolor, Zea 
mays and Oryza sativa) and dicots (e.g. Arabidopsis thaliana, Vitis vinifera, Glycine 
max and Vicia fab a). 
Online bioinformatics analysis further suggested that OsFKBP12 protein does 
not possess a signal peptide, targeting signals, or transmembrane domains, except 
PSORT suggested one possible peroxisome location owing to the similarity of 
OsFKBP12 with the peroxisome protein database adopted by PSORT but this did not 
match most other predictions. Overall interpretation suggested that the OsFKBP12 




M G F E K T I L K A G T G P K P V K G Q 
aaggtcaccgtccactgcaccggcttcgggaaagataatgatctcgctaagaagttttgg 
K V T V H C T G F G K D N D L A K K F W 
agcacaaaggacgcaggccaggagccattcagtttcaatataggccagggttcggtgatc 
S T K D A G Q E P F S F N I G Q G S V I 
aaaggatgggacgagggagttatgaccatgcaagtgggtgaagttgctcgtattcagtgc 
K G W D E G V M T M Q V G E V A R I Q C 
accccggattatgcgtatggagctagtgggtttccggcctggggaattcgaccaaactca 
T P D Y A Y G A S G F P A W G I R P N S 
gtgctggtgttcgagattgaggttcttagcgcccagtaa 
V L V F E I E V L S A Q -
Fig. 1 cDNA open reading frame and amino acid sequences of OsFKBP12. The 
amino acid sequence encoded by OsFKBP12 was predicted using ExPASy Translate 
tool. 
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10 20 30 40 
0SFKBP12 MGFEKTILKA GTGPKPVKGQ KVTVHCTGFG KDNDLAKKFW 
NP一001105537 MGFEKQILRS GTGPKPIKGQ KVTVHCTGYG KDRDLSKKFW 
AAB57848 MGVEKQIIRA GTGPNPSRGQ NVTVHCTGYG KNGDLSQKFW 
NP一201240 MGVEKQVIRP GNGPKPAPGQ TVTVHCTGFG KDGDLSQKFW 
Clustal Consensus :::. *.**：* ** *: 
——I——I——I——丨——I——I——I——I 
50 60 70 80 
0SFKBP12 STKDAGQEPF SFNIGQGSVI KGWDEGVMTM QVGEVARIQC 
NP_001105537 STKDPGQQPF SFSIGQGSV工 KGWDEGVMTM QVGEVARIQC 
AAB57848 STKDPGQNPF TFKIGQGSVI KGWDEGVLGM QLGEVARLRC 
NP_201240 STKDEGQKPF SFQIGKGAVI KGWDEGVIGM QIGEVARLRC 
Clustal Consensus **** **:** :*.**:•:** *******： * 
——I——I——I——I——I——I . • 
90 100 110 
OSFKBP12 TPDYAYGASG FPAWGIRPNS VLVFEIEVIiS AQ 
NP_001105537 TPDYAYGAGG FPAWGIQPNS VLVFEIEVLS AQ 
AAB57848 SPDYAYGAGG FPAWGIQPNS VLEFEIEVLR AQ 
NP_201240 SSDYAYGAGG FPAWGIQPNS VLDFEIEVLS VQ 
Clustal Consensus :.***•**.* ：**• ** ****** .* 
Fig. 2 Alignment of rice OsFKBP12 protein with homologues in Z. mays 
(NP_001105537), V.faba (AAB57848) and A. thaliana (NP_201240) illustrating the 
presence of the FKBP domain. Amino acid residue alignment was performed by 
ClustalW program (Thompson et al. 1994). "*": conserved residues; ‘‘:，，： conserved 
substitutions; and “•，，： semi-conserved substitutions. The putative position of the 
FKBP domain identified in Conserved Domain Database (CDD) was underlined. 
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Fig. 3 Phylogenetic analysis of FKBP12-like proteins from represented genomes 
from different domains. The tree was constructed using neighbour-joining method. 
Bootstrap values were indicated. Sbi, Sorghum bicolor (XP_002454586), Zma, Z 
mays (NP—001105537), Osa, O. sativa (NP_001048188), Ath, A. thaliana 
(NP_201240), Vvi, Vitis vinifera (XP_002263647), Gma, Glycine max (ACU15318) 
Vfa, V. faba (AAB57848), Psi, Picea sitchensis (ABK22086), Ppa, Physcomitrella 
patens subsp. patens (XP—001756105), Afum, Aspergillus fiimigatus Af293 
(XP—751096), Pch, Penicillium chrysogenum Wisconsin 54-1255 (XP—002559257)， 
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Aor, Aspergillus oryzae RIB40 (BAE64049), Dme, Drosophila melanogaster 
(NP_523792), Xtr, Xenopus tropicalis (XP_002944067), Hsa, Homo sapiens 
(NP_000792), Mmu, Mus musculus (NP_032045), See, Sorangium cellulosum 'So ce 
56' (CAN93956), Mpo, Methylobacterium populi BJOOl (ACB83281), Ama, 
Acaryochloris marina MBIC11017 (ABW26812), Mma, Methanoculleus marisnigri 
JRl (ABN57243), Cpa, Candidatus Parvarchaeum acidiphilum ARMAN-4 
(EEZ92550), Mba, Methanosarcina harkeri str. Fusaro (YP—305460) 
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Table 6 Subcellular localization of OsFKBP12 predicted by online bioinformatics 
tools. 
Analysis tool Predicted subcellular localization Website address 
prediction 




MITOPROT Probability of export to http://ihg.gsf.de/ihg/mito 
mitochondria: 0.0801 prot.html 
The PTSl Not targeted to peroxisome http://mendel.imp.ac.at/m 
predictor endelj sp/sat/pts 1 /PTS1 pr 
edictor.jsp 
ChloroP 1.1 Predicted not to contain a chloroplast http://www.cbs.dtu.dk/ser 
transit peptide vices/ChloroP/ 
Signal? 3.0 Prediction: Non-secretory protein http://www.cbs.dtu.dk/ser 
(HMM) Signal peptide probability: 0.000 vices/SignalP/ 




3.2 OsFKBP12 was down-regulated in the pathogen-inoculated Xal4 
rice line CBB14 
The suppression subtractive hybridization results stated above isolated 
OsFKBP12 as a differentially expressed clone. To verify that the differential 
expression of OsFKBP12 and at the same time explore its role in relation to rice 
native defense system, real-time PCR analyses were performed using 
reverse-transcribed R N A samples (see Materials and Methods). R N A samples 
consisted of leaf samples of R locus containing CBB14 and its recurrent parent 
SN1033, 0, 2, 4 days after inoculation of incompatible pathogen Xoo strain LN44. 
On day 2, a specific down-regulation of OsFKBP12 was observed in 
pathogen-inoculated CBB14 but not in its mock inoculation control. In contrast, a 
specific up-regulation of OsFKBP12 was observed in pathogen-inoculated SN1033 
but not in its mock inoculation control (Fig. 4). This indicates that LN44 inoculation 
specifically regulated the expression of OsFKBP12 in CBB14 and SN1033 and the 
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Fig. 4 Expression of OsFKBP12 in bacterial blight resistant near isogenic line 
CBB14 (carrying the Xal4 R locus) and its susceptible recurrent parent (SN1033). 
8-week-old plants were inoculated with the Xanthomonas oryza pv. oiyza strain 
LN44 (pathogen inoculation) or water (mock control) by a clipping method (see 
Materials and Methods). Day 0 leaf samples were collected before inoculation. Leaf 
tissues about 6-8 m m away from the inoculation sites were collected 2, and 4 days 
after inoculation. After 10 days, the disease symptoms were clearly observed in 
SN1033 while CBB14 displayed disease resistance (data not shown). Total R N A 
samples were prepared from the leaf tissues collected, reverse-transcribed, and 
subjected to real-time PCR. Relative gene expression was calculated by the 2' ^^ 
method (Livak and Schmittgen 2001) using the expression of the rice actin gene 
OsAclD for normalization (Wasaki et al 2003). Fold of change of OsFKBP12 
expression in each treatment was compared to the expression on day 0. Fold of 
change of day 2 was indicated with numerical data. Solid diamond: CBB14-pathogen 
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inoculated; open diamond: CBB14-mock control; solid triangle: SN1033-pathogen 
inoculated; open triangle: SN 1033-mock control. The data points of day 2 were 
analyzed by one-way A N O V A analysis, using LSD as post-hoc test. “*，，indicated p 
<0.5; “**” indicated p<0.05. The error bars indicate standard deviation (n=3). 
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3.3 Ecotpic expression of OsFKBPll repressed the expression of 
defense marker genes in transgenic A, thaliana 
Based on the presence of the FKBP domain (an important and conserved 
domain with involvement in vast transduction pathways and regulatory systems) 
(Harrar et al. 2001; Romano et al. 2005; Gollan and Bhave 2010) and its differential 
expression upon pathogen inoculation in a near isogenic line, we hypothesized that 
the OsFKBP12 protein is a component of a common plant defense signaling pathway 
against pathogens. Since knowledge on the defense signaling in A. thaliana are much 
more extended when compared to other plant systems (including rice), we expressed 
the OsFKBP12 clone in transgenic A. thaliana and observed the consequences on 
defense responses. 
The OsFKBP12 clone was inserted previously into a binary vector and placed 
under the control of the Cauliflower Mosaic Virus 35S promoter. The recombinant 
construct was transferred into A. thaliana ecotype Col-0 via Agrobacterium-mQ^idiXQdi 
transformation (see Materials and Methods). Three independent homozygous lines 
with single insertion locus were available as lab stock. To verify the expression of the 
transgene, reverse-transcribed R N A samples were subjected to real-time PGR (Fig. 
5A). The expression level ofOsFKBPH in J-1-2 line was the lowest and was set to 1 
for comparison of the transgene expression levels. No signal was obtained for Col-0 
after prolonged PGR amplification. An A. thaliana transgenic line overexpressing 
OsYchFl (the interacting partner of OsFKBP12 and a negative regulator in plant 
defense responses) was employed in parallel for comparison. 
The expressions of 2 defense marker genes of^. thaliana were tested, including 
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PRl and PR2. They are typical markers for phytohormones defense signaling such as 
salicyclic acid (SA) (Thomma et al. 1998; Spoel et al. 2003; Devoto and Turner 
2005). 
In 8-week-old seedlings under regular growth conditions, both PRl and PR2 
displayed repressed expression when compared to the wild type Col-0 (Fig. 5B). The 
fold of repression was particularly higher for PRl. Both PRl and PR2 are 
defense-related proteins induced by SA signaling (Thomma et al. 1998). Repression 
of PRl and PR2 resulted from the expression of OsFKBP12 indicated that the 
OsFKBP12 protein may be involved in SA signaling pathways. In general, the degree 
of decrease in defense marker gene expression was negatively correlated with the 
level of OsFKBPn expression. In particular, the transgenic line F-19-8 which 
exhibited high expression of OsFKBP12 also repressed the expression of PRl and 
PR2 more (Fig. 5). For comparison purpose, an A. thaliana transgenic line 
overexpressing OsYchFl (2000 F37) was also added to the experiment. Consistent 
with previous report (Cheung et al 2010), this line also resulted in repression of PRl 
and PR2 expression (Fig. 5B and 5C). 
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Fig. 5 Ecotopic expression of OsFKBPI2 (A) and defense marker gene PRl (B) and 
PR2 (C) in transgenic A. thaliana. Leaf tissues of 6-week-old A. thaliana transgenic 
lines (F-19-8; G-1-7; J-1-2) containing OsFKBP12 , untransformed Col-0 and 
OsYchFl expressing transgenic line 2000 F37 were harvested to prepare total RNA, 
followed by reverse transcription. The expression of the polyubiquitin UBQIO gene 
(Czechowski et al 2004; Jain et al. 2006) was used for normalization. The 
expression of OsFKBPI2 was undetectable in the untransformed Col-0 and OsYchFl 
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overexpressor after 40 cycles of amplification. The expression of OsFKBP12 in the 
transgenic line J-1-2 (the line with the least transgene expression) was set to 1 for 
reference to compare OsFKBP12 expression in different transgenic lines. The 
expressions of PRl and PR2 in each transgenic line were compared to those of Col-0 
(expression level set to 1). The datapoints were analyzed by one-way A N O V A 
analysis, using LSD as post-hoc test. “*，’ indicated p <0.5; “**” indicated p<0.05; 
‘‘***，，indicated p <0.005. The error bars indicate standard deviation (n=3) (another 
similar biological repeat was presented in Appendix VI Fig. S3). 
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3.4 Expressing OsFKBP12 in transgenic A, thaliana enhanced the 
susceptibility to the bacterial pathogen Pst DC3000 
Pst DC3000 is a biotrophic bacterial pathogen commonly employed to test the 
defense response in A. thaliana (Uknes et al. 1992; Greenberg and Ausubel 1993; 
Fan et al 2011). Pst DC3000 inoculation to leaves of Col-0 induces disease 
symptoms (including yellowing and necrosis) on those inoculated leaves. Such 
disease symptoms were alleviated in the transgenic lines tested (Fig. 6A). All 
transgenic lines also exhibited higher titers of pathogens in the inoculation zone, 
compared to the wild type Col-0 (Fig. 6B). Moreover, the transgenic lines F-19-8 that 
exhibited a higher expression of OsFKBP 12 also gave a higher bacterial count (Fig. 
6B). 
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Fig. 6 Results of inoculation test of Pst DC3000 on OsFKBPl2 transgenic A. 
thaliana showing (A) the phenotypes and (B) the titers of pathogens. Eight-week-old 
A. thaliana transgenic lines (F-19-8; and G-1-7) expressing OsFKBPl2 and 
untransformed Col-0 were used. Pst DC3000 with a concentration of 10^  colony 
forming unit/ml in 10 m M MgS04 supplemented with 0.02% (v/v) Silwet L-77 was 
inoculated into the leaf tissue via syringe infiltration (Katagiri et al. 2002). After a 
further growth of 3 days, the phenotypes of the inoculated leaves were recorded and 
inoculation zone were harvested as leaf discs and the titer (colony forming units per 
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unit area) of pathogens therein was estimated by plate count method (Katagiri et al 
2002) (another biological repeat was presented in Appendix VI Fig. S4). 
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3.5 OsFKBP12 protein interacted with a putative defense-related 
G-protein and a copper binding protein 
To explore the interacting partners of OsFKBP12 hypothesized in a potential 
general defense signaling cascade, two rounds of yeast-2-hybrid screening (see 
Materials and Methods) were performed. The OsFKBP12 clone was previously 
subcloned into the yeast expression vector pGBKT7 as the fusion protein bait (with 
the DNA-binding domain of GAL4) and transformed into the yeast strain Y187 (see 
Materials and Methods). Successful production of the fusion protein from the yeast 
cells was confirmed by Western blot analysis using anti-cMyc epitope tag antibodies. 
A cDNA library was previously generated previously using the yeast expression 
vector pGADT7-Rec, being transformed into the yeast strain A H 109 (see Materials 
and Methods). This library was tested in other previous studies and was able to 
discover successful interacting partners (Cheung et al. 2007; Cheung et al. 2008; 
Zhou et al. 2009). 
The library screening was done by the mating between Y187 containing 
pGBKT7-OsFKBP12 and the A H 109 containing the captioned cDNA library. Based 
on selection for three reporter genes and the presence of required vectors via 
assessing viable growth on selective media and positive blue color development in 
colony-lift assay, two cDNA clones representing two partial fragments of two 
putative proteins were identified (Tables 2 and 3). These partial cDNA clones 
containing plasmid were extracted and purified. Then these plasmids were 
co-transformed to A H 109 together with pGBKTl-OsFKBPl2. Positive metabolic 
selection and colony-lift color assay results were consistently observed (Fig. 7). 
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To find the identity of the interacting protein partner obtained, amino acid 
sequences of predicted interacting partner proteins were translated by ExPASy 
Translate tool. BlastP searches in public genome database were performed and two 
annotated protein accessions BAD03576 and BAF25914 deposited in GenBank were 
identified. Figure 8 reveals the protein sequence retrieved that matched partial 
fragments recovered from prey vector. The partial fragment that matched BAD03576 
represents the last 41 amino acid residues of that accession, close to the C-terminal of 
the designated protein and with an overall sequence coverage of 10.3%. The partial 
fragment that matched BAF25914 represents the central 102 amino acid residues of 
that accession with an overall sequence coverage of 59.3%. 
BAD03576 represents OsYchFl, a putative G-protein containing a YchF 
domain that was shown to be a negative regulator of rice defense response (Cheung 
et al. 2010). Rice genome annotation indicated that this clone located on 
chromosome 8. BAD03576 has a homolog in Arabidopsis called At YchF 1 (GenBank 
accession: NP—174346), which shares 85% identity to the rice clone in amino acid 
sequence. 
BAF25914 is a copper binding protein of which the type-I blue copper binding 
domain was thought to be related to redox reactions, including the well-known plant 
cytochrome-electron-exchanger plastocyanin. This clone was designated as OsUCCl 
to indicate the presence of the specific type-1 blue copper binding domain. Rice 
genome annotation indicated that this clone located on chromosome 9. 
To verify the result of yeast-2-hybrid experiments, in vitro pull down assays 
were performed. The "full-length" clone of OsYchFl and AtYchFl were available as 
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lab stock (see Materials and Methods). They were previously sub-cloned into E. coli 
expression vector pGEX-4T-l which contains an in-frame N-terminal GST tag in the 
form of fusion protein with the target insert (Cheung et al. 2008; Cheung et al. 2010). 
The "full-length" coding sequence of OsUCCl was obtained via PCR based on the 
D N A sequence information ofNM_001070535 (the cDNA clone encoding OsUCCl) 
using cDNA from O. sativa Japonica (cultivar Aichi Asahi). The cDNA sequence of 
OsUCCl was also inserted into pGEX-4T-l. At the same time, the cDNA sequence 
of OsFKBP12 was also subcloned with a 6xHis tag into pGEX-4T-l and another E. 
coli expression vector pMAL-c2 which contains an in-frame N-terminal M B P tag in 
the form of fusion protein with the target insert. The relevant fusion proteins were 
expressed in E. coli strain DE3/BL21. Successful expression events were confirmed 
by resolving purified fusion proteins using their respective kits (see Materials and 
Methods) by SDS-PAGE. The protein bands with correct predicted sizes were 
detected by Coomassie Brilliant Blue staining (Fig. 9). 
To confirm the interaction between OsFKBP12 and OsYchFl, the 
GST-His-OsFKBP 12 protein was incubated with rice (Japonica cultivar Aichi Asahi) 
protein extracts and the MagneGST™ Glutathione Particles was used for pulling 
down the protein complex (containing GST-His-OsFKBP 12 and its interacting 
proteins). Western blot analysis of the resulting protein complex using antibodies 
against the OsYchFl protein (Fig. 10) confirmed the interaction between OsFKBP12 
and OsYchFl proteins. A negative control using GST tag protein alone did not pull 
down OsYchFl (Fig. 10). The interaction between the OsFKBP12 protein and 
OsYchFl supported the result of yeast-2-hybrid screening. 
At the same time, to aid the study of OsFKBP12 in heterologus system, the 
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interaction between OsFKBP12 and AtYchFl was also further tested. The purified 
MBP-His-0sFKBP12 was incubated with purified GST-AtYchFl and the anti-MBP 
epitope tag antibodies were used for pulling down the protein complex (containing 
MBP-His-OsFKBP 12 and its interacting proteins). Western blot analysis of the 
resulting protein complex using antibodies against the GST-AtYchFl protein (Fig. 11) 
confirmed the interaction between OsFKBP12 and AtYchFl proteins. A negative 
control using M B P tag protein alone did not pull down GST-AtYchFl (Fig. 11). 
On the other hand, to confirm the interaction between OsFKBP12 and OsUCCl, 
the purified GST-OsUCCl was incubated with purified MBP-His-0sFKBP12 and 
the anti-GST epitope tag antibodies were used for pulling down the protein complex 
(containing GST-OsUCCl and its interacting proteins). Western blot analysis of the 
resulting protein complex using antibodies against the MBP-His-OsFKBP 12 protein 
(Fig. 12) confirmed the interaction between OsFKBP12 and OsUCCl proteins. A 
negative control using GST protein alone did not pull down MBP-His-0sFKBP12. 
Another negative control using M B P tag protein alone showed that OsUCCl did not 
interact with M B P tag (Fig. 12). 
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Table 7 Results of the yeast two hybrid library screening of OsFKBP 12 
No. of colonies No. of colonies No. of positive result 
grown up on SD/-3 grown up on SD/-4 in colony-lift assay 
ist round 113 92 34 
screening 
2nd round 121 48 23 
screening 
Remarks Only three clones were in right reading frame, other clones not in right 
reading frame were neglected. And one clone in the right reading 
frame did not exhibit positive results upon re-transformation and was 
also neglected. 
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Table 8 Identity of the putative OsFKBP12 interacting protein partner 
OsFKBP 12 partner clone identity Number of hits 
GTP binding protein 4 
(GenBank accession number: BAD03576, NP—001061206) 
blue copper binding protein 1 
(GenBank accession number: BAF25914, NP_001064000) 
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Result of Result of 
Growth on SC-4 medium Colony lift assay 
• J. 
pGBKT7 / OsFKBP 12 - I , ‘ < 了” 
+ pGADT7-Rec / BAD03576 partial fragment \ _ : : | 
pGBKT7 / OSFKBP12 , ： M 
+ pGADT7-Rec / BAr25914 pailial fragment ‘ . ！ ‘ ./ , 
pGBKT7/OsFKBP 12 [ j ^ 
+ pGADT7-Rec insert free vector » , < “‘ g 
Fig. 7 Pictures showing the result of the A H 109 yeast clone co-transformed with two 
plasmids, pGBKTl-OsFKBP 12 with either pGADT7-RQC-BAD03576 partial 
fragment clone or pGADT7-RQC-BAF25914 partial fragment clone, grown on SD 
medium minus Trp, Leu, Ade and His and colony lift assay. A negative control of 
pGBKT7-OsFKBPJ2 with pGADT7-Rec insert free vector was shown. 
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Fig. 8 Amino acid sequences of OsYchF 1(BADOS576) and OsUCCl(BAF25914). 
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Size GST-His- MBP-His- GST- GST- GST-
(kDa) OsFKBPI2 OsFKBPI2 OsYchFl AtYchFl OsUCCl 
:::：識 ^^^m 
7 5 . : • / ::、:;，厂 
50 麵 , 
、 意震_ 謹網爹「:• ^ ^ ^ ^ ^ 
37 ；遍 iliiili^ ^^ l 
… 、：、.,!::.;;:.):、.：遍：邏 厂』 
Fig. 9 Purified GST-His-0sFKBP12 (〜37 kDa), MBP-His-0sFKBP12 (-54 kDa), 
GST-OsYchFl (〜70 kDa), GST-AtYchF 1 (-70 kDa) and GST-OsUCCl (-43 kDa) 
proteins. They were expressed in E. coli and purfied using the MagneGST™ Protein 
Purification System (see Materials and Methods). Successful purifications were 
verified by Coomassie Brilliant Blue staining after sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). 
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GST GST-His- .、 
Size only 0SFKBP12 (B^it) 
(kDa) 
O. sativa Aichi Asahi extract (Prey) 
/ ^ "‘ ^. > . . 
、 ‘？ 
.-， ‘ ““；fz、 
50 ^ . .j • 、 ^ ^ ^ ^ ^ 一 OsYchFl 
.；...."， •、由 X ‘ 4 仗 
* • /会 <  ‘ “ 
——’ ^ - ‘ * 
‘ ； 、 . . . . 力 
37 .〜‘"”、i“ -^； 
Fig. 10 In vitro pull down of OsFKBP12 with the native unconventional G-protein 
OsYchFl. Around 500 |ig total protein extracted from Aichi Asahi was mixed with 
100 |ig GST proteins. The MagneGST™ Glutathione Particles were used for pulling 
down the protein complex, followed by western blot detection using the 
anti-OsYchFl antibody (see Materials and Methods). Expressed GST tag alone 
protein was used as negative control for in vitro pull down to confirm the specificity 
of the interaction between OsFKBP12 and OsYchFl. 
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MBP MBP-His- (Bait) 
Size only OsFKBP12 
(kDa) 
GST- GST- (Prey) 
AtYchFl AtYchFl 
AtYcllM 
Fig. 11 In vitro pull down of OsFKBP12 with the Arabidopsis homologue of 
OsYchFl, AtYchFl. Around 10 |xg M B P protein was mixed with 10 昭 
GST-AtYchFl. The anti-MBP epitope tag antibody was used for pulling down the 
protein complex, followed by Western blot detection using the anti-GST antibody (see 
Materials and Methods). Expressed M B P tag alone protein was used as negative 
control for in vitro pull down to confirm the specificity of the interaction between 
OsFKBP12 and AtYchFl. 
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GST GST- GST-
Size only O s U C C l O s U C C l (Bait) 
(kDa) ^  
MBP-His- M B P MBP-His- (Prey) 
OsFKBP12 onlv OsFKBP12 ‘ 
Fig. 12 In vitro pull down of OsFKBP12 with the copper binding protein OsUCCl. 
Around 10 GST protein was mixed with 10 [ig MBP. The anti-GST epitope tag 
antibodies were used for pulling down the protein complex, followed by Western blot 
detection using the anti-MBP antibody (see Materials and Methods). Expressed M B P 
tag alone and GST tag alone proteins were used as negative control for in vitro pull 
down to confirm the specificity of the interaction between OsFKBP12 and OsUCCl. 
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3.6 OsFKBP12 protein interacted with the G domain of 
defense-related G protein, OsYchFl 
OsYchFl is an unconventional G-protein with a nucleic acid binding TGS 
domain positioned C-termini in addition to the catalytic G domain (Cheung et al 
2010). To dissect the role of OsFKBP12 in relation to OsYchFl, domain-specific in 
vitro pull down assay of OsYchFl was performed. The "full-length" coding sequence 
of OsYchFl was dissected into the G domain and TGS domain and was sub-cloned 
into pGEX-4T-l separately (Cheung et al. 2010). The expressed and purified 
GST-OsYchFl G domain and TGS domain proteins were examined by western blot 
analysis using anti-GST antibodies (Fig. 13). The G domain and TGS domain clones 
of GST-OsYchFl were incubated with MBP-His-0sFKBP12 separately and the 
MagneGSTTM Glutathione Particles were used for pulling down the protein complex 
(containing GST-OsYchFl G domain or TGS domain with its interacting proteins). 
Western blot analysis of the resulting protein complex using antibodies against the 
MBP-His-OsFKBP 12 protein (Fig. 14) confirmed the interaction between 
OsFKBP12 and G domain of OsYchFl proteins. A negative control using GST tag 
protein alone did not pull down MBP-His-0sFKBP12. Another negative control 
using M B P tag protein alone showed that the G domain and TGS domain of 
OsYchFl did not interact with M B P tag (Fig. 14). 
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S. GST- GST-
(kS:) OsYchF OsYchF 





Fig. 13 Western blot analysis of purified GST-OsYchFl G domain and TGS domain 
proteins. About Ijig of GST-OsYchFl G domain (~60.0kDa) and GST-OsYchFl 
TGS domain (-35.9 kDa) were resolved on sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and trans-blotted. Anti-GST antibodies were used to 
detect the GST-fusion proteins. 
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Qg^ GST- GST- GST- GST-
�niy OsYchFl OsYchFl OsYchFl OsYchFl (Bait) 
Size G domain G domain TGS domain TGS domain 
(kDa) 
MBP-His- MBP MBP-His- MBP MBP-His- . p ^ , . 
OsFKBP 12 only OsFKBP 12 only OsFKBP 12 
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， 一 〜 — M B P - H i s -
’ � OsFKBP 12 
» 
37 
Fig. 14 In vitro pull down of OsFKBP 12 with the G domain of OsYchFl. Around 
100 )ig cell lysate containing GST proteins were mixed with 100 |Lig cell lysate 
containing M B P proteins. The MagneGST™ Glutathione Particles were used for 
pulling down the protein complex, followed by Western blot detection using the 
anti-MBP antibodies (see Materials and Methods). Expressed M B P tag alone and 
GST tag alone proteins were used as negative control for in vitro pull down to 
confirm the specificity of the interaction between OsFKBP 12 and G domain of 
OsYchFl. 
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3.7 OsFKBP12 protein enhanced the in vitro phosphate release of 
OsYchFl 
GTPases were suggested in various examples to be molecular switches for 
signal transduction, with the involvement of the conserved G domain (Caldon et al. 
2001; Agrawal et al 2003). To investigate the potential role of OsFKBP 12 on 
OsYchFl, in vitro GTPase assay was performed. Purified GST-OsYchFl protein was 
incubated with purified GST-His-0sFKBP12 protein and/or purified GST-OsGAPl 
protein (the GTPase acitivating protein of OsYchFl) (Cheung et al. 2008; Cheung et 
al. 2010), supplemented with free nucleotide GTP. Real time release of phosphate 
was monitored using the EnzChek phosphate assay. The amount of phosphate release 
was converted to nmole of phosphate release (see Materials and Methods). An 
enhanced release of phosphate was observed when GST-His-OsFKBP 12 was 
included in the reaction mixture and the effect was further enhanced with the 







C 2 • 148 






2 1 - —— 
0) % 
SZ « - 0.21 0 
a -0.01 ~ J ~ 
I 0 } ‘ ‘ ‘ ‘ ‘ 
S) GST only GST-0sYchF1 + GST GST-OsYchF1 + GST- GST-OsYchF1 + GST- GST-OsYchF1 + 
5 OsGAPI + GST His-OsFKBP12 + GST GST-OsGAP1 + 
C GST-His-OsFKBP12 
-1 -
Fig. 15 Investigation of the effect of OsFKBP12 on the GTPase activities of 
OsYchFl by the EnzChek detection method. The GTPase activities were monitored 
by measuring the release of inorganic phosphate (Pi) using the EnzChek phosphate 
assay kit. GST-OsYchFl GST-OsGAPl and GST-His-0sFKBP12 fusion proteins 
were employed in this assay. Around 0.2 |xM of purified GST-OsYchFl, was used in 
a 180-|il reaction mixture throughout this experiment. 1 |iM of GST-OsGAPl and/or 
1 |iM GST-His-0sFKBP12 were applied together with GST-OsYchFl. GST was 
used as the negative control to maintain equivalent total amount of protein in each 
reaction mixture. The datapoints were analyzed by one-way A N O V A analysis, using 
LSD as post-hoc test. “*’，indicated p <0.5; “**” indicated p<0.05; “***’’ indicated 
p<0.005. The error bars indicate standard deviation (n二3) (another biological repeat 
was presented in Appendix VI Fig. S6). 
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Chapter 4 Discussion 
4.1 The identification and characterization of OsFKBP12 
A cDNA clone (OsFKBP12) encoding a FK506 binding protein (FKBP)-domain 
containing protein in rice was identified (Fig. 2), which is differentially expressed in 
the rice line CBB14 (containing the Xal4 resistance locus) (Fig. 4). The FKBP 
domain is characteristic of catalyzing the slow cis/trans isomerization of proline 
residues within a polypeptide (Romano et al. 2004). Compared to the extensive 
studies of mammalian FKBPs, plant FKBPs, however, were loosely studied. FKBP 
members of various sizes were reported in A. thailiana to involve in cell 
differentiation, heat stress, redox signaling, auxin transport and photosystem 
assembly (Faure et al 1998; Gupta et al 2002; Kamphausen et al 2002; Geisler et al 
2004; Vespa et al 2004; Lima et al. 2006; Aviezer-Hagai et al. 2007). FKBP12-like 
homologues existed in all domains. In particular, plant and animal FKBP 12 proteins 
were each conserved (Fig. 3), suggesting that plant FKBP 12 homologues might have 
a conserved function. The encoded gene product of OsFKBP12 exhibits strong 
homology (89% and 74% identities) to protein sequences deposited in public 
databases (GenBank accession: NP—001105537 and NP—201240) annotated as a 
type-C FKBP based on the sequence of a cDNA clone from Z. mays (monocot) and A. 
thaliana (dicot). In particular, AtFKBP12 was shown to interact with an ATPase in 
vitro, which was proposed to participate in splicing (Faure et al 1998; Vespa et al 
2004). However, the role of AtFKBP12 was not proved. At the same time, no 
physical evidence has been presented to prove that OsFKBP12 has any 
defense-related interacting partner. 
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4.2 Expression pattern of OsFKBP12 upon biotic stress in bacterial 
blight resistant near isogenic line (NIL) 
In the CBB14 near isogenic rice line that contains the R locus Xal4, the 
OsFKBP 12 was repressed by pathogen inoculation and was induced in its susceptible 
recurrent parent SN1033 (Fig. 4). Such reduction in gene expression was dependent 
on the presence of the Xal4 locus as the expression pattern was reserved in the 
susceptible recurrent parent SN1033. Even though the Xal4 locus was just 
positioned (Bao 2010), it is clear that the reduced expression of OsFKBP 12 is 
correlated to the presence of the R locus Xal4. It leads to the suggestion that 
OsFKBP 12 is negative component in rice defense system, at least in the case of 
SN1033 parent. 
4.3 OsFKBP 12 repressed the expression of SA-regulated defense 
marker genes when ectopically expressed in A, thaliana 
As FKBP proteins were reported as signaling components in common metabolic 
pathways and OsFKBP 12 was differentially expressed in near isogenic line Xal4 
upon pathogen inoculation, it is possible that OsFKBP 12 is a defense responsive 
component connected to known defense signaling cascades. The goal is to identify 
the role of OsFKBP12 and to position OsFKBP 12 in the plant defense system. 
Gain-of-function test in heterologous A. thaliana system was chosen as the study 
platform, owing to its relatively short life cycle (〜3 months per generation) to 
facilitate rapid functional tests. Moreover, the defense signaling pathways in A. 
thaliana were extensively studied, and many defense marker genes and characterized 
pathogens are available for precise physiology studies. Meanwhile, the function test 
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of the rice gene OsFKBP 12 in a heterologous dicot opened up possibility for future 
application of the knowledge gained from this study to other dicot crops like soybean. 
Therefore, OsFKBPU was constitutively expressed in A. thaliana driven by 
Cauliflower Mosaic Virus 35S promoter. 
Of the three independent homozygous lines being characterized, they have 
varied expression levels of OsFKBP12 transcripts (Fig. 5A). A negative correlation 
was observed in the expression of defense marker genes PRl and PR2 (Fig. 5B and 
5C). PRl and PR2 are two pathogenesis-related proteins, primarily regulated by SA 
signaling and induced during the establishment of systemic acquired resistance 
(Thomma et al. 1998; Glazebrook 2001). Elevated expression of PR-1 protein has 
been demonstrated to enhance resistance towards biotrophic pathogens (Van Loon 
and Van Strien 1999; Glazebrook 2005). The suppression of SA-regulated PR gene 
expressions suggested that over-expression of OsFKBP 12 may increase susceptibility 
towards biotrophic pathogens in A. thaliana. On the other hand, the transgenic A. 
thaliana line overexpressing OsYchFl (2000 F37) was included as a positive control. 
This transgenic line also had a reduced expression of PRl and PR2 (Fig. 5B and 5C). 
Both OsFKBP 12 and its interacting partner OsYchFl displayed behavior of negative 
regulators of defense responses. 
4.4 Ectopic expression of OsFKBPll enhanced susceptibility 
towards Pst DC3000 in transgenic A, thaliana 
To demonstrate the change in defense gene expression brought about by 
OsFKBP 12 is related to disease resistance, a pathogen inoculation test using 
biotrophic bacteria Pst DC3000 was conducted on transgenic A. thaliana 
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overexpressing OsFKBP12. Both the development of disease symptoms on 
inoculated leaves and the pathogen titer on inoculation zone were assessed. 
Compared to Col-0, more severe yellowing and necrosis could be observed on 
inoculated leaves of transgenic lines (Fig. 6A). Also, higher titers of pathogens were 
recorded at inoculation zones of transgenic lines (Fig. 6B). This clearly demonstrated 
that OsFKBPll is related to plant defense response and the overexpression of 
OsFKBP12 will reduce the ability of A. thaliana to tackle biotrophic pathogen Pst 
DC3000, which matched the interpretation of expression pattern of defense marker 
genes (see Section 4.3). 
As a supplemental work, the changes in the expression pattern of defense 
marker genes of inoculated leaves were also assessed. In general, despite the 
induction of defense marker gene expression resulted from pathogen inoculation, the 
expressions of PRl and PR2 in transgenic lines were still lower than wildtype Col-0 
and the expression of PDF 1.2 in transgenic lines was significantly higher than Col-0 
(see Appendix VI Fig. S5). PRl and PR2 are defense marker genes regulated by SA 
and PDF 1.2 is a defense marker gene regulated by JA (Thomma et al 1998). The 
lower level of PRl and PR2 in transgenic lines when compared to Col-0 may explain 
the higher susceptibility towards Pst DC3000. Since SA and JA/ET signaling 
pathways are often antagonistic against pathogens, this may explain the higher 
expression level of PDF 1.2 observed in transgenic lines (Bari and Jones 2009). 
However, this piece of observation awaits further confirmation by more detailed 
experimental design. 
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4.5 The interacting partners of OsFKBP12 in relation to plant 
defense response 
Two approaches (yeast 2-hybrid screening and in vitro pull down assay) were 
employed to explore the molecular interacting partners of OsFKBP12 protein in an 
attempt to obtain clues for the physiological role of OsFKBP12. 
One interacting protein target of OsFKBP12 belongs to the Obg family of 
unconventional TRAFAC class of P-loop GTPases. OsYchFl (BAD03576) belongs 
to the YchF subfamily of the Obg family (Caldon et al 2001) and was shown to 
involve in plant defense responses (Cheung et al. 2010). Both YchFl and FKBP 12 
displayed high level of identities among the homologues of plants, suggesting their 
interaction to be potential fundamental processes in plants. 
OsFKBP12 does not possess any targeting sequences or transmembrane 
domains (Table 6). Human homologue of OsFKBPll was shown to locate in vast 
quantity in cytoplasm (Van Duyne et al 1991) and OsYchFl was shown previously 
to locate in both cytoplasm and cell membrane (Cheung et al 2010). This suggests 
that OsFKBP12 and OsYchFl may co-localize and interact in similar cellular 
compartments. OsYchFl harbors YchF domain containing two functional 
sub-domains (G domain and TGS domain). Thus, an in-depth domain dissected in 
vitro pull down assay of OsYchFl with OsFKBP12 was performed. The catalytic G 
domain and nucleic acid binding TGS domain of OsYchFl were separately 
sub-cloned and expressed previously (Fig. 13). It was shown that OsFKBP12 
specifically binds to the G domain of OsYchFl but not the TGS domain (Fig. 14). It 
is different to the case of OsGAPl, which interacts with the TGS domain of 
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OsYchFl. This result suggested that OsFKBP12 may have a different regulatory role 
when interacting with OsYchFl when compared to OsGAPl. And the direct 
interaction to G domain opened up a possibility that OsFKBP12 may affect the 
GTPase activity of OsYchFl (see Sections 3.7 and 4.6). 
Another interacting protein target of OsFKBP12 belongs to the copper binding 
protein family. This redox activity-related family includes the well-known 
plastocyanin, which transfer electron between cytochrome and P700 of photosystems 
(Gorman and Levine 1965). OsUCCl (BAF25914) is a type-I blue copper binding 
protein. In tobacco, an EST homologous to OsUCCl was induced by H R specific 
elicitor (Ghannam et al 2005). In pea pod, a type-I blue copper binding protein 
pLP18 was correlated to lignin deposition (Drew and Gatehouse 1994). Lignin 
deposition and biosynthesis has been reported in many cases as defense mechanisms 
in plants, including an effector of a defense-related small GTPases (Hammerschmidt 
et al. 1984; Lawton and Lamb 1987; Cano Delgado et al 2003; Kawasaki et al 
2006). Therefore, there is a probable involvement of OsUCCl in plant defense 
system. 
OsUCCl contains an ER signal peptide. It is predicted to replace its 
hydrophobic C-terminal with GPI-anchor which is specific for the uclacyanin (UCC) 
family (Nersissian et al. 1998). Transmembrane redox activities are readily perceived 
by sensory proteins. Mammalian ryanodine receptor complex serves as redox sensor 
for Ca2+ release and RyRl receptor is the interacting partner of human homologue of 
OsFKBPn (Moore et al 1999; Feng et al. 2000; Samso et al. 2006). Thus, it is 
possible that UCC is a transmembrane redox sensor, mediated through OsFKBP12. 
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4.6 The specific biochemical interaction of OsFKBP12 with 
OsYchFl 
To delineate the actual defense signaling pathways, it is hypothesized that the 
interactions between OsFKBP 12 and its interacting partners are responsible for the 
transduction events. In particular, the interacting protein OsYchFl is of special 
interest, as GTPases are often molecular switches and OsYchFl was already proven 
to be related to plant defense system. And physiological tests in A. thaliana showed 
that overpression of both OsFKBP 12 and OsYchFl could increase the disease 
susceptibility towards biotrophic pathogen. Therefore, we hypothesized that 
OsFKBP 12 interferes the biochemical properties of OsYchFl to exert its biological 
function, especially the GTPase activity of OsYchFl. An in vitro GTPase assay was 
then performed, assessed by the amount of inorganic phosphate release. 
Using the EnzChek Phosphate Assay kit, it was shown that the addition of 
OsFKBP 12 to OsYchFl resulted in enhanced release of inorganic phosphate (Fig. 
15). And more interestingly the effect is addictive to the effect of OsGAPl (Fig. 15). 
However, physiological studies had shown that OsGAPl is a positive regulator of 
defense response and OsYchFl is a negative regulator of defense response (Cheung 
et al. 2008; Cheung et al 2010). At the molecular level, OsGAPl converts the active 
GTP bound form of OsYchFl to an inactive GDP bound form. At the same time, 
electron microscopy of wounded rice leaves also showed that OsGAPl affected the 
localization of OsYchFl. The most direct interpretation is that OsFKBP 12 is also a 
GTPase-activating protein (GAP) of OsYchFl (Fig. 16A). Studies have shown that 
"molecular switch" small GTPases often shuttle between membrane and cytosol, and 
the signaling role of such GTPases is specific to a particular localization (Yang 2002). 
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For instance, small GTPases ROP of Arabidopsis regulates a polarized growth of 
pollen tube in a plasma membrane localization dependent manner, and guanine 
nucleotide dissociation inhibitors (GDIs) prevents the proper recruitment of ROP 
proteins to plasma membrane, causing depolarized growth (BischofF et al 2000; 
Yang 2002). As OsGAPl is a membrane-associated protein (Cheung et al. 2010) and 
OsFKBPl2 is predicted to locate in cytosol (Table 6), it is possible that OsFKBPl2 
regulates OsYchFl in a localization-specific manner. And OsGAPl and OsFKBPl2 
functions by interacting with OsYchFl at different time points. To examine this 
possible model, treatment with stress elicitors including 2,6-dichloroisonicotinic acid 
(INA, a SA analog) and Probenazole (PBZ, agrochemical to enhance resistance blast 
fungus) could be performed on rice near isogenic lines and wildtype ecotypes 
(Schweizer et al. 1997; Iwai et al. 2007). Then analyses of: i) the expression levels of 
OsFKBPl2 and OsGAPl and ii) the subcellular localizations and co-localization 
events of OsYchFl with OsFKBPl2 and OsGAPl could reveal a potential temporal 
and spatial regulation of activity state and localization of OsYchFl, as an expansion 
to the previous study in the relevant OsGAPl-OsYchFl model (Cheung et al 2010). 
Another possible interpretation is that the enhanced phosphate release is not a 
result of GAP property of OsFKBPl2 (Fig. 16B). If the defense response of 
OsYchFl is mediated through its GTPase assay, then the negative role of OsFKBPl2 
should have a biochemical effect opposite to that of OsGAPl. Therefore, it is 
suspected that the enhanced phosphate release is due to the potential Guanine 
nucleotide exchange factor (GEF) property of OsFKBPl2, which converts the 
inactive GDP bound G-protein back to its active GTP-bound form. This can also 
match the result of this GTPase assay, as the purified GST-OsYchFl from E. coli 
could be a mixture of GTP and GDP bound forms. And the potential GEF effect of 
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OsFKBP 12 (in form of GST-His-0sFKBP12 protein in the assay) enriched the 
portion of GTP bound GST-OsYchFl. This would increase the basal level of intrinsic 
GTPase assay of GST-OsYchFl. To test this model, an in vitro study on the 
GDP-GTP exchange efficiency of OsYchFl could be studied. Purified OsYchFl 
proteins would be fully exchanged to GDP bound form and purified by high 
performance liquid chromatography (HPLC), based on previous protocols (Spangler 
et al. 2009). Then non-hydrolyzable analog of GTP including g GTPaS, GpCpp, 
GppCp, GppNHp and GTPyS would be added to observe GDP-GTP exchange but 
the final product will not back-convert to GDP bound form again. OsFKBP 12 would 
be expected to enhance the slow GDP exchange of OsYchFl and the ratio of 
non-hydrolyzable GTP -bound versus GDP-bound OsYchFl in different 
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Fig. 16 Alternate proposed models ofOsFKBP12 action on OsYchFl. OsFKBP12 is 
a negative regulator of defense response and OsGAPl is a positive regulator of 
defense response. (A) OsFKBP12 is a cytosolic interacting partner of OsYchFl. 
While OsGAPl interacts with and relocates OsYchFl to membrane surface, 
OsFKBP12 interacts with and retains OsYchFl in the cytoplasm, thus hindering the 
positive regulatory role of OsGAPl. (B) OsFKBP12 is a GEF of OsYchFl. OsGAPl 
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inactivates OsYchFl for its positive regulatory role. In contrast, OsFKBP12 
promotes the exchange of GDP on OsYchFl to GTP, reconstituting the active form 
of OsYchFl. 
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4.7 Future perspectives 
This piece of work demonstrated the physiological role of OsFKBP12 in a 
heterologus dicot model plant system. Functional tests in the native system should 
also be performed. Transgenic rice overexpressing and underexpressing OsFKBP12 
currently under screening and transformation should be applied to co-relate with the 
results in A. thaliana and to assess the usefulness of this gene in crop engineering. 
Also, transgenesis should also be performed on near isogenic line CBB14 and 
recurrent parent SN1033 to establish concrete relationship of OsFKBP12 in relation 
to the R locus Xal 4. 
At the same time, phytohormones related experiments should be performed. SA 
and JA treatment to transgenic Arabidopsis and rice of OsFKBP12 would provide 
information of the position of OsFKBP12 relative to known signaling marker genes. 
Also, crossing of OsFKBP12 transgenic Arabidopsis with known phytohormones 
mutant (including nprl-3, eds5, jar 1-1, coil-1) will help delineate the effect of 
OsFKBPn in the defect phytohormone pathways (Rogers and Ausubel 1997; Cao et 
al. 1998; Staswick et al 1998; Xie et al. 1998). 
Nevertheless, the molecular properties of OsFKBP12 should also be further 
studied. The expression of potential OsYchFl regulators and regulation of the 
localization of OsYchFl by the regulators require further experimentation. In part 
with OsYchFl, GDP/GTP exchange assay of OsYchFl should be performed to 
explore whether OsFKBP12 could enhance the exchange of GTP to GDP bound 
OsYchFl. Since OsUCCl localizes presumably at a different localization with 
OsFKBP12, electron microscopy of native proteins and con focal microscopy of 
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fluorescence fusion proteins should be performed to observe possible co-localization 
and potential protein trafficking events. To achieve this purpose, the successful 
preparation of OsFKBP 12-specific antibodies in both rice and Arabidopsis is vital. 
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Chapter 5 Conclusion 
The rice clone OsFKBP 12 identified from bacterial blight resistant near 
isogenic line CBB14 and susceptible recurrent parent SN1033 was 
pathogen-responsive in CBB14 and SN1033, with a potential negative role. 
OsFKBP 12 represents the smallest member of FKBP domain containing protein 
in rice. Studies have suggested the role of FKBPs in cell differentiation, heat stress, 
redox signaling, auxin transport and photosystem assembly. However, FKBP in 
relation to defense response was not shown. This is the first report about the 
involvement of FKBP protein in plant defense response. It is also first to show that 
OsFKBP 12 could interact with unconventional G protein (OsYchFl) and copper 
binding protein (OsUCCl) in plant, suggesting a potential defense signaling cascade. 
At physiological level, overexpression of OsFKBP 12 in heterologous dicot A. 
thaliana repressed the expression of SA-mediated PR genes and enhanced the 
disease susceptibility towards biotrophic pathogen Pst DC3000, showing the 
negative role of OsFKBP 12 in defense response and the potential involvement of 
OsFKBP 12 in SA defense signaling. 
At molecular level, OsFKBP12 specifically interacted with catalytic G domain 
of OsYchFl. The interaction enhanced the inorganic phosphate release in vitro. This 
could be the potential signal transduction event and awaits further in-depth 
dissection. 
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In conclusion, OsFKBP12 behaved as a negative regulator in defense response 
of A. thaliana, and potentially in rice also, as its expression is suppressed in resistant 
NIL. It interacts specifically with a defense-related GTPase (OsYchFl) and a copper 
binding protein (OsUCCl). Meanwhile, OsFKBP12 affects the GTPase activity of 
OsYchFl in vitro. 
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Appendix I 一 Restriction and modifying enzymes: 
1. Barnm New Enland BioLabs R0136 
2. DNasel Invitrogen 18068-015 
3. EcoRl New Enland BioLabs ROlOl 
4. GoTaq® D N A Polymerase Promega M3001 
5. Sail New Enland BioLabs R0138 
6. Superscript II RNase H reverse Invitrogen 18064-071 
transcriptase 
7. T4 D N A ligase Promega Ml804 
8. T4 D N A polymerase Promega M4211 
9. Xmal New Enland BioLabs R0180 
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Appendix II 一 Chemicals: 
1. Acrylamide/ Bis Bio-Rad 161-0120 
2. Adenine hemisulfate salt Sigma A9126 
3. Ammonium acetate Ajax 27 
4. Ammonium persulfate Bio-Rad 161-0700 
5. Ampicillin SigmaA9518 
6. Agarose GibcoBRL 15510-027 
7. ATP Boehringer 1277049 
8. Bacto-peptone Difco 0118-01-8 
9. Bacto-agar Difco 214010 
10. Bacto-tryptone Difco 0123-01 
11. Bacto-yeast extract Difco 0127-179 
12. Benzyl-aminopurine Sigma B5898 
13. Bis Sigma M7279 
14. Boric acid Ajax 101 
15. Bovine serum albumin Sigma A7906 
16. Bromophenol blue Merck 8122 
17. Calcium chloride Merck 2380 
18. Calcium nitrate RdH 12040 
19. Cetyldimethylethylammonium bromide (CTAB) Sigma C5335 
20. Chloroform Merck 3445 
21. Coomassie Brilliant blue R250 Bio-Rad 161 0400 
22. Copper chloride RdH 31287 
23. Copper sulphate Sigma C7631 
24. DEPC (Diethyl pyrocarbonate) Sigma D5758 
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25. Disodium hydrogen phosphate Sigma S0876 
26. Dimethyl sulfoxide (DMSO) Sigma D8418 
27. Dipotassium hydrogen phosphate RdH 04248 
28. Dithiothreitol, DTT (lOOmM) Promega PI 171 
29. EDTA, disodium salt Sigma E5143 
30. EDTA, ferrous-sodium salt Sigma EDFS 
31.EGTA Sigma E3 889 
32. Ethanol (absolute) Merck 100986 
33. Ethidium bromide Sigma E7637 
34. Formaldehyde (37%) Sigma F8775 
35. Formamide Boehringer 1814320 
36. Glass beads Sigma G8772 
37. Glucose Ajax 783 
38. Glycerol Ajax 242 
39. Glycine Sigma G7403 
40. Hydrochloric acid (36%) Ajax 1364 
41. HEPES (4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid) 
Sigma G9277 
42. Iso-amylalcohol Merck 100979 
43. Isopropanol Labscan C2519 
44. IPTG (Isopropyl b-D-thiogalactopyanside) Boehringer 1411446 
45. Kanamycin, monosulfate Sigma K4000 
46. Leupeptin hemisulfate salt Sigma L2884 
47. Lithium chloride Sigma L8895 
48. Luria broth Difco 0446-17-3 
49. Lyticase Sigma L2524 
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50. Maleic acid Sigma M0375 
51. Magnesium chloride Sigma M9272 
52. Magnesium sulphate Ajax 302 
53. Manganese chloride Ajax D3247 
54. (3-mercaptoethanol Sigma M6250 
55. M E S (2-(N-morpholino)ethanesulfonic acid) Sigma 3023 
56. Methanol Merck 6007 
57. Methyl jasmonate Sigma 341002 
58. Metro-mix soil Hummert 10-0325 
59. Murashige & Shoog salt mixture Caisson MSP01-50LT 
60. Myoinositol Sigma 12523 
61. N-lauroylsarcosine Sigma L5125 
62. D M F (N, N-dimethylformamide) Sigma D4551 
63. Phenol-chloroform-isoamylalcohol (25:24:1) Amersco 883 
64. PIPES (1,4 piperazinediethane supfonic acid) Roche 239496 
65. PMSF (Phenylmethyl-sulfonyl fluoride) Sigma P7626 
66. Polyvinylpyrrolidone Sigma PVP-40T 
67. Potassium chloride Sigma P4504 
68. Potassium dihydrogen phosphate RdH 31268 
69. Potassium hydroxide Merck 5033 
70. Potassium nitrate Sigma P8394 
71. Potassium phosphate, monobasic Sigma P5379 
72. Pyridoxine-HCl Sigma P9755 
73. Rifampicin Sigma R3501 
74. Salicylic acid Sigma S5922 
75. SDS (Sodium dodecyl sulfate) Bio-Rad 161-0302 
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76. Sigma Fast (BCIP/ NET) Sigma B5655 
77. Silwet L-77 Lehle seeds VIS-01 
78. Sodium acetate, anhydrous Sigma S2889 
79. Sodium chloride R D H 31434 
80. Sodium citrate, trisodium salt Sigma S4641 
81. Sodium dihydrogen phosphate R D H 10245 
82. Sodium hydroxide Merck 6498 
83. Sodium molybdate R D H 31439 
84. Sucrose Sigma SI888 
85. Tetracyclin hydrochloride Sigma T3383 
86. Thiamine-HCl Sigma T3902 
87. Tris (hydroxyethyl) aminoethane Ameresco 0826 
88. Tris/ HCl Amresco 0826 
89. Tween 20 Bio-Rad 170-6531 
90. T E M E D Bio-Rad 161 0800 
91. Triton X-100 Sigma T6878 
92. X-gal USB 10077 
93. Yeast nitrogen base without amino acids Difco 291940 
94. -Leu dropout medium B D Biosciences 630414 
95. -Trp dropout medium B D Biosciences 630413 
96. -Leu -Trp dropout medium B D Biosciences S1913 
97. -Leu -Trp —His dropout medium B D Biosciences 630419 
98. -Ade —His -Leu -Trp dropout medium B D Biosciences S1914 
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Appendix III - Commercial Kits: 
1. Bio-Rad iQ™ SYBR® Green Supermix Bio-Rad 170-8882 
2. B D Matchmaker™ library construction & Clontech K1615-1 
screening kit 
3. Invitrogen EnzChek® Phosphate Assay Kit Invitrogen E-6646 
4. Mbiotech SpinClean™ M B P Excellose® Spin Mbiotech Cat. 23050 
Kit 
5. Promega MagneGST™ Protein Purification Promega V8600 
System 
6. Promega Wizard plus minipreps D N A Promega A7510 
purification kit 
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Appendix IV - Equipments and facilities used: 
一 1 . Biological Safety Cabinet |Baker SG600E 59419 一 
2. Centrifuge J2-MI Beckman T373 with JA-14 rotor 
3. Dot blot microfiltration apparatus Bio-Rad 170-3938 
4. Gel lOOOUV Fluorescent Gel Doc Bio-Rad 200015450 
5. Gel Doc EQ System Bio-Rad 170-8Q60EDU 
6. Gene Pulser Apparatus Bio-Rad 165-2076 
7. Growth chamber Percival AR-32L 3859-05-971 
8. GS Gene Linker UV Chamber Bio-Rad 0392-92-0336 
9. iQ5 Real-Time PCR Detection Bio-Rad 170-9750 
System 
10. Microcooler II Bockel Scientific 260010 
11. Mini Trans-Blot Electrophoretic Bio-Rad 170-3930 
Transfer Cell 
12. Orbital shaker Lab line 4628-1 
13. Power supply MIDI MP-250 Life technologies 4801311 
14. Programmable Thermal Controller MJ Research PTC 100 96VHB 200003879 
15. Refrigerated Centrifuge 5810R Eppendorf 03463 
16. Solvent System Centrivap Unit Labconco 79840-01 
17. TELCO incubator Cole-Parmer 39352-02 
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Appendix V - Buffer, solution, gel and medium formulation 
Acrylamide/Bis (30:0.15) Disolving 60g acrylamide and 0.3g Bis in 
200ml ddKbO 
Acrylamide/Bis (30:1.5) Disolving 30g acrylamide and 1.5g Bis in 
100ml ddHzO 
Agarose gel (0.8%) 0.8% agarose, 1 |Lig/ ml ethidium bromide in 
IX TAE buffer 
Bromophenol blue loading dye (6X) 0.25% bromophenol blue in 30% glycerol 
Buffer A (for protein extraction and in 2 0 m M Tris (pH7.5), 150mM NaCl 
vitro pull down) 
Calcium chloride solution 60mM CaCb, 15% glycerol and lOmM 
PIPES, pH 7.0, sterilized by autoclave 
Coomassie destaining solution 100ml absolute methanol, 25ml glacial 
acetic acid, add ddHsO to 400ml final 
volume 
Coomassie staining solution 0.5g Coomassie brilliant blue G-250, 5ml 
absolute methanol and 495 ml destaining 
solution 
CTAB extraction buffer O.lMTris-HCl (pH8), 1.4M NaCl, O.IM 
EDTA (pH8), 2% (w/v) CTAB, 1% (w/v) 
Polyvenylpyrolidone and 0.2% (3-
mercaptoethanol 
CTAB washing buffer 76% EtOH with O.OIM NH4OAC 
DEPC-treated H2O Dissolve DEPC to 1% in ultrapure H2O and 
keep overnight 
Autoclave to remove residual DEPC. 
Glycine running buffer (SDS-PAGE gel 0.05M Tris base, 0.38M glycine, 0.1% SDS, 
running buffer) 2 m M EDTA-Na 
Immunoprecipitation buffer 50mM Tris/HCl (pH7.5), 250mM NaCl, 
2 m M MgCb, 0.5mM CaCb, 10% (v/v) 
glycerol, 1.5% (v/v) Triton X-100, I m M 
PMSF, 2fag/ ml leupeptin 
King's B medium 20g/ L bacto-peptone, 15g/ L glycerol, 1.5g/ 
L K2HPO4, adjust pH to 7 before autoclave 
and add 6 M sterile IM MgS04 before use 
King's B agar plate 20g/ L bacto-peptone, 15g/ L glycerol, 1.5g/ 
L K2HPO4, adjust pH to 7 and add 15g 
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bacto-agar before autoclave, further add 6 M 
sterile IM MgS04 before pouring plates 
LB broth 25g/ L LB powder, autoclave 
LB agar plate 25g/ L LB powder and 15g/ L bacto-agar, 
autoclave 
Lyticase solution 5U/ ^il lyticase in 67mM KH2PO4 (pH7.5) 
M S plate 4.3g/L Murashige & Shoog salt mixture, 
3% sucrose, 0.05% MES, pH 5.7, 0.9% 
bacto-agar 
PMSF (lOOX) 0.1742g PMSF in 10ml isopropanol 
R N A extraction buffer 200mM Tris base, 400mM KCl, 200mM 
Sucrose, 35mM M g C h ^ O , 25mM 
EGTA, pH 9 
SDZ-Leu agar plate 6.7g/ L yeast nitrogen base without amino 
acid, 0.69g/ L -Leu dropout medium, 20g/L 
bacto-agar, add 2% filter sterilized glucose 
after autoclave 
SDZ-Trp agar plate 6.7g/ L yeast nitrogen base without amino 
acid, 0.74g/ L -Trp dropout medium, 20g/L 
bacto-agar, add 2% filter sterilized glucose 
after autoclave 
SD/-Trp, -Leu broth 6.7g/ L yeast nitrogen base without amino 
acid, 0.64g/ L -Trp, -Leu dropout medium, 
add 2% filter sterilized glucose after 
autoclave 
SDZ-Trp, -Leu, -His agar plate 6.7g/ L yeast nitrogen base without amino 
acid, 0.62g/ L -Trp, -Leu, -His dropout 
medium, 20g/L bacto-agar, add 2% filter 
sterilized glucose after autoclave 
SD/-Trp, -Leu, -His, -Ade agar plate 6.1 g! L yeast nitrogen base without amino 
acid, 0.6g/ L -Trp, -Leu, -His, -Ade dropout 
medium, 20g/L bacto-agar, add 2% filter 
sterilized glucose after autoclave 
SDS polyacrylamide stacking gel 0.5ml Acrylamide/Bis (30: 0.15), 0.5ml 
(40/0) 1.25M Tris/HCl (pH 8.8), 0.05ml 0.2M 
EDTA, 0.05ml 10% SDS, 0.04ml 7.5% 
ammonium persulfate, 0.006ml TEMED, 
add sterile H2O to 5ml final volume 
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SDS polyacrylamide separation gel 4.18ml Acrylamide/Bis (30: 1.5), 1.25ml 
(10%) 3.5M Tris/HCl (pH 8.8), 0.125ml 0.2M 
EDTA, 0.125ml 10% SDS, 0.12ml 7.5% 
ammonium persulfate, 0.015ml TEMED, 
add sterile H2O to 12.515ml final volume 
SDS polyacrylamide separation gel 6.25ml Acrylamide/Bis (30: 1.5), 1.25ml 
(15%) 3.5M Tris/HCl (pH 8.8), 0.125ml 0.2M 
EDTA, 0.125ml 10% SDS, 0.12ml 7.5% 
ammonium persulfate, 0.015ml TEMED, 
add sterile H2O to 12.515ml final volume 
SDS sample buffer (for SDS-PAGE gel 20% SDS, 25|Lig/ ml, bromophenol blue, 
electrophoresis) 0.5M Tris-HCl (pH6.8), 5% 
p-mercaptoehtanol 
Sodium acetate 3 M NaOAc, pH 5.2 
BMNaOAc, pH 5.6 
TAE buffer (IX) 4.84g/ L Tris base, 0.1142% acetic acid, 
0.744g/ L EDTA disodium salt 
Tris buffered saline 20mM Tris-HCl (pH7.5) and 150mM NaCl 
Tris buffered saline with Tween 20 20mM Tris-HCl (pH7.5), 150mM NaCl and 
0.5% Tween 20 
Vitamin B5 (lOOOX) lOOOmg myo-inositol, lOOmg 
thiamine-HCl, lOmg nicotine acid, lOmg 
pyridoxine-HCl. Fill up to 10ml with H2O 
X-gal stock solution Dissolve X-gal in D M F at concentration of 
20mg/ ml, filter sterile 
YEP medium 1 Og tryptone, 1 Og yeast extract and 5g 
NaCl. Fill up with 1 litre with H2O 
Y P D A 20g/ L bacto-peptone, lOg/ L yeast extract, 
0.0030/0 adenine, 2% sterile glucose after 
autoclave 
Y P D A agar plate 20g/ L bacto-peptone, 1 Og/ L yeast extract, 
0.003% adenine, 20g/ L bacto-agar, 2% 
sterile glucose after autoclave 
Z buffer 8.53g/ L Na2HP04, 6.2Ig/ L 
NaH2P04.2H20, 0.75g/ L KCl, 0.246g/ L 
MgS04-7H20, adjust pH to 7 with NaOH 
before autoclave 
Colony lift filter assay solution 0.27ml p-mercaptoethanol, 1.67 ml 20mg/ 
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ml X-gal stock solution in 100ml Z buffer 
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Appendix VI - supplementary result 
Gene being studied Dissociation curves of respective real time PCR product 
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Fig. SI Dissociation curves of Real time PCR product, single peak represents one 
PCR product being amplified. 
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Fig. S2 Validation of application 2-就丁 of by checking the equality of target genes 
and house keeping gene amplification efficiencies. 
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Fig. S3 Ecotopic expression of OsFKBPI2 (A) and defense marker gene PRl (B) 
and PR2 (C) in transgenic A. thaliana. The experimental procedure followed the 
same as Fig. 12. The datapoints were analyzed by one-way A N O V A analysis, using 
LSD as post-hoc test. “*” indicated p <0.5; “**，，indicated p<0.05; “***” indicated 
p<0.005. The error bars indicate standard deviation (n=3). 
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Fig. S4 Results of inoculation test of Pseudomonas syringae pv. tomato DC3000 {Pst 
DC3000) on OsFKBP12 transgenic A. thaliana showing (A) the phenotypes and (B) 
the titers of pathogens. The experimental procedure followed the same as Fig. 13 
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Fig. S5 Expression pattern of defense marker genes PRl, PR2 and PDF 1.2 in Pst 
DC3000 inoculated A. thaliana overexpressing OsFKBP 12 day 3 post inoculation, 
accompanied with Col-0. The expression levels of PRl, PR2 and PDF 1.2 in Col-0 
were set to 1 for reference. The error bars indicate standard deviation (n=3). 
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Fig. S6 Investigation of the effect of OsFKBP12 on the GTPase activities of 
OsYchFl by the EnzChek detection method. The GTPase activities were monitored 
by measuring the release of inorganic phosphate (Pi) using the EnzChek phosphate 
assay kit. GST-OsYchFl GST-OsGAPl and GST-His-0sFKBP12 fusion proteins 
were employed in this assay. Around 2 jiM of purified GST-OsYchFl, was used in a 
180-|il reaction mixture throughout this experiment. 2 \iM of GST-OsGAPl and/or 2 
liM GST-His-0sFKBP12 were applied together with GST-OsYchFl. GST was used 
as the negative control to maintain equivalent total amount of protein in each reaction 
mixture. The datapoints were analyzed by one-way A N O V A analysis, using LSD as 
post-hoc test. “*,, indicated p <0.5; ‘‘**,，indicated p<0.05; ‘‘***，，indicated p<0.005. 
The error bars indicate standard deviation (n=3). 
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